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FLIGHT CREW T R A I N I N G  TECHMOLOGY--A REVIEW 
P a u l  W. Caro 
S e v i l l e  T r a i n i n g  Sys t ems  
T h e r e  is a t e c h n o l o g y  o f  f l i g h t  crew t r a i n i n g .  I t  is 
b a s e d  upon human l e a r n i n g  p r o c e s s e s ,  and  i t  i n v o l v e s  t h e  
manner i n  which i n f o r m a t i o n ,  cues, and  p r a c t i c e  
o p p o r t u n i t i e s  a r e  p r e s e n t e d  t o  a l e a r n e r .  I n  p i l o t  
t r a i n i n g ,  t h e  term " t r a i n i n g  t echno logy '  h a s  been  c l o s e l y  
a s s o c i a t e d  w i t h  t h e  u s e  of  s i m u l a t o r s ,  g e n e r i c  t r a i n i n g  
d e v i c e s ,  and  v a r i o u s  c l a s s r o o m  t r a i n i n g  a i d s .  W e  mus t  n o t  
b e  m i s l e d  i n t o  t h i n k i n g  t h a t  t h e s e  equ ipmen t  items c o m p r i s e  
t r a i n i n g .  I n  f a c t ,  t h e y  do  n o t h i n g  more t h a n  p r o v i d e  
c o n v e n i e n t  means b y  which i n f o r m a t i o n  c a n  b e  p r e s e n t e d ,  c u e s  
c a n  b e  m a n i p u l a t e d ,  r e s p o n s e s  c a n  b e  p r a c t i c e d ,  and g u i d a n c e  
and f e e d b a c k  t o  t h e  s t u d e n t  c a n  b e  c o n t r o l l e d .  
T h i s  pape r  d e v o t e s  a good b i t  o f  a t t e n t i o n  t o  
s i m u l a t o r s  and o t h e r  t r a i n i n g  equ ipmen t ,  b u t  t h e  most  
i m p o r t a n t  message i t  c o n t a i n s  is t h a t  p i l o t  t r a i n i n g  is  a 
p r o c e s s  t h a t  i s  n o t  d e p e n d e n t  upon c o s t l y  t r a i n i n g  
equ ipmen t .  Such equ ipmen t  may b e  an  i m p o r t a n t  f a c t o r  i n  
making t h e  t r a i n i n g  p r o c e s s  ea s i e r  t o  a d m i n i s t e r  and 
c o n t r o l ,  b u t  t h e  s i n g l e  most  i m p o r t a n t  f a c t o r  i n  e f f i c i e n t  
and  c o s t  e f f e c t i v e  t r a i n i n g  is t h e  t r a i n i n g  p r o c e s s ,  t h a t  
i s ,  t h e  way i n  which equ ipmen t  and t r a i n i n g  r e s o u r c e s  a r e  
u s e d  t o  p r e s e n t  i n f o r m a t i o n  and c u e s ,  and  t o  p r o v i d e  and 
r e i n f o r c e  p r a c t i c e .  
I n  t h e  good o l d  d a y s ,  p i l o t s  l e a r n e d  t o  f l y  i n  a i r p l a n e s .  
Not  a l o t  was known t h e n  a b o u t  how s k i l l s  a r e  l e a r n e d ,  and 
p i l o t  t r a i n i n g  was l a r g e l y  a p r o c e s s  o f  s e l f - i n s t r u c t i o n  and 
s u r v i v i n g .  I n  t h e  French  F o r e i g n  Legion  p r i o r  t o  World War 
I ,  f o r  example,  p i l o t  t r a i n i n g  c o n s i s t e d  p r i m a r i l y  o f  
l ec tu re s  by i n s t r u c t o r s  o n  t h e  ground and  s o l o  p r a c t i c e  i n  
s i n g l e  s e a t  a i r p l a n e s .  An i n s t r u c t o r  d i d  n o t  f l y  w i t h  a 
s t u d e n t  u n t i l  t h e  s t u d e n t  had mastered b a s i c  a i r p l a n e  
maneuver s  and had comple ted  a solo c r o s s - c o u n t r y  f l i g h t .  
Each t r a i n e e  was o n  h i s  own t o  f i n d  t h e  cues n e c e s s a r y  t o  
a i r c r a f t  c o n t r o l  and t o  work o u t  and p r a c t i c e  r e s p o n s e s  t o  
t h o s e  cue& t h a t  would e n a b l e  him t o  s u r v i v e  each f l i g h t .  
The t r a i n e e  c o u l d  f i g u r e  o u t  t h e  c o n s e q u e n c e s  o f  h i s  
r e s p o n s e s ,  b u t ,  w i t h o u t  a n  i n s t r u c t o r  o n  boa rd  t h e r e  w a s n ' t  
much g u i d a n c e  t o  k e e p  him from making m i s t a k e s  w h i l e  he  
l ea rned ,  Under s u c h  t r i a l - a n d - e r r o r  l e a r n i n g  c o n d i t i o n s ,  
t r a i n i n g  was e x p e n s i v e ,  p a r t i c u l a r l y  when measured i n  terms 
o f  b roken  b o n e s  and a i r p l a n e s ,  and  t r a i n e e s  k i l l e d  ( F o o t n o t e  
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Not a l l  p i l o t  t r a i n i n g  was c o n d u c t e d  s o l o ,  o f  c o u r s e .  I n  
t h e  b e g i n n i n g ,  s o  t o  s p e a k ,  t h e  Wr igh t  b r o t h e r s  g a v e  d u a l  
i n s t r u c t i o n  t o  would-be p i l o t s  who p u r c h a s e d  t h e i r  
a i r p l a n e s ,  b u t  t h e  b r o t h e r s  d i d  l i t t l e  more t h a n  f u n c t i o n  a s  
s a f e t y  p i l o t s  w h i l e  t h e i r  t r a i n e e s  l e a r n e d  t o  f l y  t h r o u g h  
t r i a l  and e r r o r ,  much t h e  same a s  was done  i n  t h e  F o r e i g n  
Legion ,  One would h a r d l y  d e s c r i b e  s u c h  e x p e r i e n c e s  a s  
a p p l i c a t i o n s  o f  t r a i n i n g  t e c h n o l o g y .  
B u t  t h e  b e g i n n i n g s  o f  a t e c h n o l o g y  o f  f l i g h t  t r a i n i n g  
were emerging .  The F o r e i g n  L e g i o n n a i r e s  d i s c o v e r e d  t h a t  a 
p l a n e  w i t h  l i t t l e  o r  no f a b r i c  on its wings  made a p r e t t y  
good ground t r a i n i n g  d e v i c e .  I n  such  a d e v i c e ,  p i l o t s  c o u l d  
a t  l e a s t  l e a r n  a l i t t l e  a b o u t  a i r c r a f t  h a n d l i n g  w h i l e  
t a x i i n g  f a s t  w i t h o u t  t h e  d a n g e r  o f  becoming a i r b o r n e  b e f o r e  
r e c e i v i n g  t h e  f i r s t  l e c t u r e  on t a k e o f f s  and l a n d i n g s ,  
O t h e r ,  more i m a g i n a t i v e ,  p e o p l e  were a l s o  a t t e m p t i n g  t o  
advance  t h e  t e c h n o l o g y  o f  f l i g h t  t r a i n i n g .  The d e v i c e  shown 
i n  F i g u r e  1 is an e a r l y  g e n e r i c  f l i g h t  t r a i n e r .  T h e r e  is no 
s u r v i v i n g  e v i d e n c e  t h a t  i t  was e f f e c t i v e .  L i k e  a l o t  o f  
t r a i n i n g  d e v i c e s  used  i n  f l i g h t  t r a i n i n g  t o d a y ,  i t  f i l l e d  a 
b l o c k  o f  t i m e  i n  a t r a i n i n g  program. S i n c e  i t  d i d  t h a t  
q u i t e  w e l l ,  i t s  e f f e c t i v e n e s s  p r o b a b l y  was n o t  s e r i o u s l y  
q u e s t i o n e d .  
W e  somet imes  t h i n k  t h a t  t r a i n i n g  t e c h n o l o g y  was 
i n v e n t e d  by p i l o t s .  T h a t  is n o t  t r u e .  The need  t o  p r o v i d e  
t r a i n i n g  even when o p e r a t i o n a l  equipment  c o u l d  n o t  b e  used 
f o r  t h a t  p u r p o s e  h a s  been  a round  f o r  a l o n g  t i m e  and  i n  many 
a r e a s  o f  a c t i v i t y .  For  example ,  G e n e r a l  Wood r e s o r t e d  t o  
s i m u l a t i o n  when h o r s e s  were n o t  a v a i l a b l e  t o  t r a i n  h i s  
t r o o p s ,  a s  is shown i n  F i g u r e  2. S i m i l a r l y ,  f l i g h t  t r a i n i n g  
d e v i c e s  p r o b a b l y  would n o t  even  have  been  d e v e l o p e d  i f  i t  
were n o t  f o r  t h e  f a c t  t h a t  d u a l - c o n t r o l  t r a i n i n g  a i r c r a f t  
were n o t  a v a i l a b l e  and s o l o  f l i g h t  t r a i n i n g  was i n e f f i c i e n t  
and  p r e s e n t e d  u n a c c e p t a b l e  r i s k s  t o  t r a i n e e s  and equipment .  
One migh t  d e b a t e  whe the r  G e n e r a l  Wood i n v e n t e d  a h o r s e  
s i m u l a t o r  o r  a g e n e r i c  t r a i n e r .  The i s s u e ,  p re sumab ly ,  is 
whe the r  he had s i m u l a t e d  a p a r t i c u l a r  h o r s e  o r  a more 
g e n e r a l  c lass  o f  a n i m a l s  t h a t  m i g h t  have  i n c l u d e d  m u l e s .  
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Figure 1.- An e a r l y  f l i g h t  t r a i n i n g  device.  
Figure 2.- General Wood's t roops t r a i n i n g  OR simulated horses.  
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H i s  device p r o b a b l y  s h o u l d  b e  c l a s s i f i e d  a s  a s i m u l a t o r .  
The e v i d e n c e  s u g g e s t s  t h a t  h e  was a t t e m p t i n g  t o  make  i t  a s  
much l i k e  a h o r s e  a s  a v a i l a b l e  t e c h n o l o g y  and  r e s o u r c e s  
would p e r m i t ,  b e c a u s e  h e  t h o u g h t  t h a t  realism is n e c e s s a r y  
i n  t r a i n i n g .  
The c o n c e p t  t h a t  realism is n e c e s s a r y  t o  t r a n s f e r  o f  
t r a i n i n g ,  t h a t  is, t o  a s s u r e  t h a t  t r a i n i n g  r e c e i v e d  i n  a 
t r a i n e r  w i l l  t r a n s f e r  t o  o p e r a t i o n a l  equipment ,  u n d e r l i e s  
t h e  d e s i g n  and u s e  o f  t r a i n i n g  s i m u l a t o r s  even t o d a y .  The 
c o n c e p t  is based  upon a t h e o r y  by  a n  e a r l y  p s y c h o l o g i s t ,  
Edward L. Thornd ike  ( 1 9 3 1 ) .  H i s  t h e o r y  would s u g g e s t  t h a t  
t r a n s f e r  w i l l  o c c u r  t o  t h e  e x t e n t  a s i m u l a t o r  and t h e  
equ ipmen t  s i m u l a t e d  s h a r e  common e l e m e n t s .  A l a t e r  
t h e o r i s t ,  C h a r l e s  E. Osgood (1949), d e v e l o p e d  a " t r a n s f e r  
s u r f a c e "  based  upon a common e l e m e n t s  t h e o r y .  Using 
Osgood ' s  t r a n s f e r  s u r f a c e ,  o n e  c o u l d  map a n  assumed 
r e l a t i o n s h i p  be tween e l e m e n t s  o r  f e a t u r e s  o f  a s i m u l a t o r  
o n t o  t h e  equipment  s i m u l a t e d  . Where t h e r e  is one-to-one 
c o r r e s p o n d e n c e ,  a c c o r d i n g  t o  Osgood, t r a n s f e r  o f  t r a i n i n g  
w i l l  be p o s i t i v e  and h i g h .  Less t h a n  one-to-one 
c o r r e s p o n d e n c e  w i l l  y i e l d  d e c r e a s i n g  t r a n s f e r ,  t o  t h e  p o i n t  
t h a t  none w i l l  o c c u r .  
From t h e s e  t h e o r i e s ,  i t  was an  e a s y  s t e p  t o  assume t h a t  
p h y s i c a l  c o r r e s p o n d e n c e  between a s i m u l a t o r  and t h e  s y s t e m  
o r  equipment  s i m u l a t e d  was t h e  key  t o  t r a n s f e r  o f  t r a i n i n g .  
L a r g e l y  f o r  t h i s  r e a s o n ,  t h e  e v o l u t i o n  o f  s i m u l a t i o n  became 
p r i m a r i l y  a matter o f  t e c h n o l o g i c a l  advancement  t o  make 
s i m u l a t o r s  r e a l i s t i c ,  accura te ,  and  comprehens ive  
r e p r e s e n t a t i o n s  o f  a p a r t i c u l a r  sys t em.  Some p e o p l e  re fe r  
t o  r e a l i s t i c  s i m u l a t o r s  a s  " h i g h  f i d e l i t y " .  
I n  1929,  Edwin A. Link i n t r o d u c e d  t h e  f o r e r u n n e r  o f  
modern f l i g h t  t r a i n i n g  s i m u l a t o r s  ( F i g u r e  3 )  The i n f l u e n c e  
o f  t h e  t h e n - c u r r e n t  t h e o r i e s  c o n c e r n i n g  realism and t r a i n i n g  
e f f e c t i v e n e s s  a r e  e v i d e n t  i n  i t s  d e s i g n .  Al though t h e  Link 
t r a i n e r  was used p r i m a r i l y  t o  t e a c h  i n s t r u m e n t  f l i g h t ,  t h e  
d e v i c e  was made t o  l o o k  l i k e  an  a i r p l a n e ,  c o m p l e t e  w i t h  
wings  and t a i l .  Even when Link l a t e r  added a hood t o  h i s  
d e v i c e ' s  d e s i g n  t o  m a k e  i t  a more r e a l i s t i c  i n s t r u m e n t  
t r a i n e r ,  t h e  wings and t a i l  were r e t a i n e d .  T h i s  b a s i c  
d e v i c e ,  c o m p l e t e  w i t h  wings  and t a i l ,  was w i d e l y  u s e d  i n  
m i l i t a r y  f l i g h t  t r a i n i n g  programs d u r i n g  World War I1 
( F o o t n o t e  2 )  . 
Fol lowing  World War 11, t r a i n i n g  t e c h n o l o g y  e v o l v e d  t o  
t h e  p o i n t  t h a t  t h e  need f o r  some of t h e  r e a l i s m  t h a t  
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Figure 3.- 1929 f l i g h t  t r a i n e r  by Edwin A. Link. 
Figure 4.- Link GAT-1 t r a i n e r .  
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c h a r a c t e r i z e d  f l i g h t  t r a i n i n g  s i m u l a t o r s  was b e i n g  
q u e s t i o n e d .  The r e l e v a n c  f some s i m u l a t o r  f e a t u r e s  t o  t h e  
t r a i n i n g  o b j e c t i v e s ,  s u e  a s  t h e  r e l e v a n c e  o f  e x t e r n a l  
s t r u c t u r e s  o f  t h e  a t o  i n s t r u m  r a i n i n g ,  was n o t  
o b v i o u s ,  s o  s u c h  f were omi However, t h e  
r e a l i s m  i n s i d e  t h e  c o c k p i t  o r  i n  t s i m u l a t e d  f l i g h t  
c h a r a c t e r i s t i c s  was n o t  b e i n g  q u e s t i o n e d .  The o n l y  
l i m i t a t i o n s  t h e r e  were t h e  s t a t e  o f  e n g i n e e r i n g  a r t .  
Even t h e n ,  i t  was n o t  p o s s i b l e  t o  s i m u l a t e  a p a r t i c u l a r  
a i r c r a f t  w i t h  h i g h  r e a l i s m .  The Link t r a i n e r  o f  t h e  e a r l y  
post-war  e r a  was an i n s t r u m e n t  t r a i n e r  t h a t  s i m u l a t e d  t h e  
i n s t r u m e n t  e n v i r o n m e n t  e I t  responded t o  p i l o t  i n p u t  w i t h  
many o f  t h e  c h a r a c t e r i s t i c s  o f  a i r p l a n e s ,  b u t  i t  d i d  n o t  
s i m u l a t e  w i t h  any  a c c u r a c y  a s p e c i f i c  a i r c r a f t ,  I t  was a 
g e n e r i c  t r a i n e r  r a t h e r  t h a n  a s i m u l a t o r ,  
I n  t h e  1950s, t r a i n i n g  d e v i c e s  were viewed a s  
i n c r e a s i n g l y  i m p o r t a n t  d u e  t o  t h e  r a p i d l y  i n c r e a s i n g  
c o m p l e x i t y  o f  a i r c r a f t  and t h e  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  
c o m p l e x i t y  and c o s t  o f  p i l o t  t r a i n i n g .  I t  was r easoned  t h a t  
more r e a l i s t i c  t r a i n i n g  d e v i c e s  would p roduce  i n c r e a s e d  
t r a n s f e r  of  t r a i n i n g .  C o n s e q u e n t l y ,  a t t e m p t s  were made t o  
d e v e l o p  d e v i c e s  whose f e a t u r e s  c o r r e s p o n d e d  p r e c i s e l y  t o  
f e a t u r e s  o f  s p e c i f i c  a i r c r a f t .  
T h u s ,  t h e  modern f l i g h t  s i m u l a t o r  was b o r n ,  a t  l e a s t  
c o n c e p t u a l l y .  Because  o f  e n g i n e e r i n g  l i m i t a t i o n s  a t  t h e  
time, t h e s e  s i m u l a t o r s  were more r e a l i s t i c  i n  c o c k p i t  
a p p e a r a n c e  and s w i t c h  f u n c t i o n s  t h a n  i n  f l i g h t  
c h a r a c t e r i s t i c s .  E x t r a - c o c k p i t  v i s u a l  d i s p l a y s  began t o  
a p p e a r  a t  a b o u t  t h e  same time, s o  t h e  t r a i n i n g  t o  b e  
c o n d u c t e d  i n  t h e  new s i m u l a t o r s  was n o t  l i m i t e d  n e c e s s a r i l y  
t o  i n s t r u m e n t  f l i g h t .  Motion s i m u l a t i o n  was n o t  new,  o f  
c o u r s e ,  hav ing  been i n c l u d e d  i n  t h e  d e s i g n  o f  t h e  v e r y  
e a r l i e s t  f l i g h t  t r a i n i n g  d e v i c e s  (e.g. ,  see F i g u r e  1).  
A s  w e  came t o  r e c o g n i z e  t h e  p o t e n t i a l  o f  s i m u l a t o r s ,  
t h e  t r a n s f e r  o f  s i m u l a t o r  t r a i n i n g  t o  t h e  o p e r a t i o n a l  
equipment  was more and more t h e  c r i t i c a l  i s s u e  i n  u s i n g  
t h e s e  d e v i c e s .  A c c o r d i n g l y ,  p i l o t  t r a i n i n g  t e c h n o l o g y  
became i n c r e a s i n g l y  d e p e n d e n t  upon Tho rnd i k e  I s 
common elements, a t h e o r y  which s u g g e s t e d  an o b j e c t i v e  b a s i s  
f o r  d e s i g n i n g  t r a n s f e r  i n t o  s i m u l a t o r s .  A i  r c r a f  t - s p e c i  f i c  
s i m u l a t o r s  began t o  r e p l a c e  g e n e r i c  t r a i n i n g  d e v i c e s .  T h e r e  
were some who r e s i s t e d  t h e  t r e n d ,  however,  p r i m a r i l y  because 
s i m u l a t o r s  were becoming i n c r e a s i n g l y  c o s t l y ,  and  s e v e r a l  
companies  d e v e l o p e d  r e l a t i v e l y  low-cost  g e n e r i c  f l i g h t  
t r a i n e r s .  For example,  Ed L i n k ' s  company upda ted  one  of i t s  
e a r l i e r  p r o d u c t  d e s i g n s ,  c o m p l e t e  w i t h  wings  a n d  t a i l  
( F i g u r e  4 ) ,  b u t  g e n e r i c  t r a i n e r s  had r e l a t i v e l y  l i t t l e  
a p p e a l  t o  p i l o t s  who had begun t o  e x p e c t  h i g h  r e a l i s m  i n  
s i m u l a t o r s .  N e v e r t h e l e s s ,  some o f  t h e s e  d e v i c e s  were u s e d  
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e f f e c t i v e l y  i n  a few p i l o t  t r a i n i n g  programs.  One, f o r  
example ,  a g e n e r i c  t r a i n e r  f o r  twin-engine  a i r p l a n e s ,  was 
d e m o n s t r a t e d  t o  b e  e f f e c t i v e  when used i n  a h i g h l y  
s t r u c t u r e d  t r a i n i n g  program w i t h  s p e c i a l l y  t r a i n e d  
i n s t r u c t o r s .  In  f a c t ,  even  though i t  had no v i s u a l  d i s p l a y ,  
t r a i n i n g  i n  i t  was shown t o  r e d u c e  by a b o u t  h a l f  t h e  t i m e  
r e q u i r e d  f o r  s u b s e q u e n t  t r a n s i t i o n  t r a i n i n g  i n v o l v i n g  v i s u a l  
f l i g h t  maneuvers  and l a n d i n g s  (Caro ,  I s l e y ,  and  J o l l e y ,  
1 9 7 3 ) .  The a c c e p t a n c e  o f  g e n e r i c  t r a i n i n g  d e v i c e s  b y  t h e  
f l i g h t  t r a i n i n g  community i n c r e a s e d  when t h e i r  c o c k p i t s  were 
c o n f i g u r e d  l i k e  s p e c i f i c  a i r c r a f t ,  t h u s  p re sumab ly  
i n c r e a s i n g  t h e  number o f  common e l e m e n t s  t h e y  s h a r e d  w i t h  
t h e  a i r c r a f t  s i m u l a t e d .  
P r o b a b l y  no  one  was more c o n v i n c e d  t h a t  T h o r n d i k e ' s  
common elements  t h e o r y  was t h e  r e a l  b a s i s  f o r  t h e  
e f f e c t i v e n e s s  o f  s i m u l a t o r  t r a i n i n g  t h a n  were t h e  p e o p l e  i n  
t h e  Federal  A v i a t i o n  A d m i n i s t r a t i o n .  I f  a s i m u l a t o r  d i d  n o t  
l o o k ,  f e e l ,  smel l ,  and bounce a round  l i k e  t h e  a i r c r a f t  
s i m u l a t e d ,  t h e  FAA a p p a r e n t l y  r e a s o n e d ,  i t s  t r a n s f e r  o f  
t r a i n i n g  v a l u e  had t o  b e  low. C o n s e q u e n t l y ,  realism became 
t h e  ma jo r  f a c t o r  i n  t h e  d e s i g n  o f  s i m u l a t o r s  f o r  t h e  
a i r l i n e s ,  and a i r l i n e  d e s i g n  p r a c t i c e s  were soon r e f l e c t e d  
i n  m i l i t a r y  s i m u l a t o r s  a s  w e l l .  Even w i t h  r e s p e c t  t o  
mot ion ,  r e a l i s m  was t h e  g o a l ,  l i m i t e d  o n l y  b y  t h e  r a t e s  of  
movement and p h y s i c a l  d i s p l a c e m e n t  t h a t  c o u l d  be p r o v i d e d  
w i t h i n  manageable  s p a c e s .  S i m i l a r l y ,  a s  soon a s  v i s u a l  
t e c h n o l o g y  p e r m i t t e d  r e a l i s t i c  a p p e a r i n g  a i r p o r t  s c e n e s  t o  
b e  s i m u l a t e d ,  FAA r u l e s  were made t o  p e r m i t  more t r a i n i n g  t o  
b e  conduc ted  i n  s i m u l a t o r s  t h a t  had h i g h  r e a l i s m  i n  v i s u a l  
s c e n e s .  
R u t  is a l l  t h a t  realism and c o s t  r e a l l y  n e c e s s a r y  t o  
e f f e c t i v e  p i l o t  t r a i n i n g ?  The answer t o  t h a t  q u e s t i o n  is 
b o t h  y e s  and no. Y e s ,  r e a l i s m  is n e c e s s a r y  i f  w e  c h o o s e  t o  
r e l y  upon i t  i n s t e a d  o f  t r a i n i n g  t e c h n o l o g y ,  and i f  o u r  
t r a i n i n g  programs r e s e m b l e  t h o s e  o f  t h e  French  F o r e i g n  
Legion  i n  World War I ;  t h a t  is,  i f  o u r  s i m u l a t o r  t r a i n i n g  
c o n s i s t s  o f  t u r n i n g  a p i l o t  l o o s e  t o  f i g u r e  o u t ,  more o r  
less on h i s  own, how t o  f l y ,  o r  even  i f  w e  g i v e  him an 
i n s t r u c t o r  who t e a c h e s  i n  t h e  s i m u l a t o r  j u s t  a s  h e  would i n  
t h e  a i r c r a f t .  However, i f  w e  a r e  w i l l i n g  t o  u s e  s i m u l a t o r s  
i n  ways t h a t  a r e  n o t  d e p e n d e n t  upon t h e i r  p h y s i c a l  
c o r r e s p o n d e n c e  t o  a i r c r a f t ,  t h e  answer is no ,  realism is n o t  
n e c e s s a r y  f o r  much o f  t h e  t r a i n i n g  p i l o t s  must  r e c e i v e .  
S t u d i e s  i n v o l v i n g  s i m u l a t o r s  o f  i n t e n t i o n a l l y  low 
realism have  d e m o n s t r a t e d  t h a t  e f f e c t i v e  t r a i n i n g  c a n  be 
c o n d u c t e d  i n  low- rea l i sm d e v i c e s  ( G r i m s l e y ,  1 9 6 9 )  . I n  f a c t ,  
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a t  l e a s t  f o r  some t a s k s ,  t r a i n i n g  i n  low- rea l i sm s i m u l a t o r s  
h a s  e n a b l e d  p i l o t s  t o  p e r f o r m  a s  w e l l  i n  a i r c r a f t  a s  c o u l d  
o t h e r  p i l o t s  t r a i n e d  i n  h i g h - r e a l i s m  s i m u l a t o r s ,  o r  even  i n  
t h e  a i r c r a f t  t h e m s e l v e s  ( P r o p h e t  & Boyd, 1 9 7 0 ) .  I n  t h e s e  
s t u d i e s ,  t h e  low- rea l i sm s i m u l a t o r s  had t r a i n i n g  v a l u e  e q u a l  
t o  t h a t  o f  v e r y  h i g h - r e a l i s m  s i m u l a t o r s .  
More w i l l  b e  s a i d  i n  t h i s  p a p e r  about low- rea l i sm 
s i m u l a t o r s .  F i r s t ,  i t  is n e c e s s a r y  t o  d e f i n e  a few terms 
t h a t  w i l l  h e l p  o n e  u n d e r s t a n d  why low- rea l i sm s i m u l a t o r s  c a n  
h a v e  s u c h  h i g h  t r a i n i n g  v a l u e .  
P i l o t s  depend upon c u e s  t o  assess  t h e  s t a t u s  and 
c o n d i t i o n s  o f  t h e i r  a i r c r a f t ,  t o  i n i t i a t e  a c t i o n s ,  t o  g u i d e  
t h e i r  pe r fo rmance ,  and t o  s i g n a l  when an a c t i o n  s h o u l d  be 
a l t e r ed  o r  ended ,  An i m p o r t a n t  c o n c e p t  i n  f l i g h t  t r a i n i n g  
t e c h n o l o g y ,  t h e n ,  i s  t h e  c o n c e p t  o f  cue and t h e  d i s t i n c t i o n  
which e x i s t s  be tweena  c u e  and a s t i m u l u s ,  S t i m u l i  a r e  t h e  
b a s e s  f o r  c u e s ,  b u t  a s t i m u l u s  is n o t  a c u e  by i t s e l f ,  The 
term " s t i m u l u s "  r e f e r s  o n l y  t o  a p h y s i c a l  o b j e c t  o r  e v e n t  
t h a n  c a n  a c t i v a t e  a sense o r g a n .  The i l l u m i n a t i o n  o f  a 
l i g h t  on an ins t ru? ; ien t  p a n e l  is a s t i m u l u s  t h a t  i s  s e n s e d  by 
t h e  eye.  Movement o f  a c o n t r o l  wheel  p r o v i d e s  p r e s s u r e  t h a t  
i s  s e n s e d  by n e r v e s  i n  a p i l o t ' s  hand and arm. The t r a i n i n g  
t a s k  is t o  l e a r n  t h e  meaning o f  s u c h  s t i m u l i ,  t o  d e r i v e  
p e r t i n e n t  i n f o r m a t i o n  from them, so  t h a t  t h e  p r o p e r  r e s p o n s e  
c a n  b e  made. 
-
--- 
--
A s  t h e s e  mean ings  a r e  l e a r n e d ,  s t i m u l i  become c u e s .  I n  
o t h e r  words ,  a c u e  is a s t i m u l u s  -- t h a t  h a s  a c q u i r e d  meaning. 
A p a n e l  c a u t i o n  l i g h t ,  f o r  example ,  c o n v e y s  i n f o r m a t i o n  t h a t  
i s  u n d e r s t o o d  by t h e  p i l o t .  The g o a l  o f  p i l o t  t r a i n i n g  is 
t o  l e a r n  t h e  i n f o r m a t i o n a l  c o n t e n t - t h e  c u e i n g  value--of 
t a s k - r e l e v a n t  s t i m u l i  so  t h a t  p r e c i s e  a c t i o n s  c a n  be t a k e n .  
T h i s  r o l e  o f  cues,  a s  opposed  t o  s t i m u l i ,  h a s  a ma jo r  
i m p l i c a t i o n  f o r  s i m u l a t o r  d e s i g n  and u s e .  The i m p l i c a t i o n  
is  t h a t  c u e  i n f o r m a t i o n  a v a i l a b l e  i n  a p a r t i c u l a r  s i m u l a t o r ,  
r a t h e r  t h a n  s t i m u l u s  realism p e r  se ,  s h o u l d  b e  t h e  c r i t e r i o n  
f o r  d e c i d i n g  what  s k i l l s  a r e  t o  b e  t a u g h t  i n  t h a t  s i m u l a t o r .  
- - - -  
S k i l l e d  p i l o t  p e r f o r m a n c e  is d e p e n d e n t  upon making 
a p p r o p r i a t e  r e s p o n s e s  t o  c u e s ,  T h e r e f o r e ,  t h e  two most 
i m p o r t a n t  t r a i n i n g  t e c h n o l o g y  c o n s i d e r a t i o n s  a r e  how o n e  
l e a r n s  t o  i n t e r p r e t  cues,  and  how o n e  s e l ec t s  t h e  c o r r e c t  
r e s p o n s e s  t o  be made t o  t h o s e  cues. I n t e r p r e t i n g  c u e s  and 
s e l e c t i n g  a p p r o p r i a t e  . r e s p o n s e s  i n v o l v e s  a 
p r o c e s s  c a l l e d  d i s c r i m i n a t i o n .  D i s c r i m i n a t i o n  is the 
r e c o g n i t i o n  t h a t  a g i v e n  s t i m u l u s  - o r r e s p o n s e  - -  h a s a m e a n i n g  
d i f f e r e n t  f r r t E a t  o f  a n o t h e r  s t i m u l u s  o r  r e s p o n s e ,  
A l though  t w n g h t s n  t h e  p a n e l  may he  p h y s i c a l l y  i d e n t i c a l  
and have  t h e  same s t i m u l a t i n g  e f f e c t  upon t h e  p i l o t ' s  e y e s ,  
h e  m u s t  d i s c r i m i n a t e  be tween t h e s e  l i g h t s  and m a k e  a un ique  
r e s p o n s e  t o  e a c h  when i t  i l l u m i n a t e s ,  
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The s i m p l i c i t y  o f  t h i s  d e f i n i t i o n  o f  d i s c r i m i n a t i o n  
s h o u l d  n o t  s u g g e s t  t h a t  d i s c r i m i n a t i o n s  a r e  s i m p l e  
p r o c e s s e s ,  o r  t h a t  t h e y  c a n  be e a s i l y  l e a r n e d .  The more 
complex t h e  s k i l l ,  t h e  l a r g e r  t h e  number o f  moment-to-moment 
d i s c r i m i n a t i o n s  t h a t  must  b e  made. A l s o ,  a s  t a s k  c o m p l e x i t y  
i n c r e a s e s ,  d i s c r i m i n a t i o n s  may depend upon v e r y  s u b t l e  
d i f f e r e n c e s  i n  e n t i r e  p a t t e r n s  o f  numerous s t i m u l i .  T h e  
d i s c r i m i n a t i o n s  t h a t  mus t  b e  l e a r n e d  when p r a c t i c i n g  
l a n d i n g s  i n  a new a i r c r a f t  o r  d u r i n g  c o c k p i t  r e s o u r c e  
management t r a i n i n g ,  c o u l d  be q u i t e  numerous and complex. 
F o r  t a s k s  t h a t  i n v o l v e  e x e c u t i o n  o f  r e l a t i v e l y  f i x e d  
p r o c e d u r e s ,  t h e  d i s c r i m i n a t i o n s  migh t  b e  less numerous and 
complex. The p r i n c i p a l  d i f f e r e n c e  between a n o v i c e  and an 
e x p e r t  when p e r f o r m i n g  complex t a s k s  is t h a t  t h e  e x p e r t  h a s  
l earned  t o  d i s c r i m i n a t e  s u b t l e  s t i m u l u s  d i f f e r e n c e s  t h a t  a 
n o v i c e  c a n n o t .  H e  c a n  a l s o  t r a n s l a t e  t h e  s u b t l e  meanings  o f  
s u c h  s t i m u l i  i n t o  e q u a l l y  s u b t l e  c o n t r o l  movements o r  o t h e r  
r e s p o n s e s .  
Another  term t h a t  i s  i m p o r t a n t  t o  an  u n d e r s t a n d i n g  of 
t r a i n i n g  t e c h n o l o g y  is g e n e r a l i z a t i o n .  G e n e r a l i z a t i o n  
r e f e r s  t o  t h e  u s e  o f  p r e v i o u s l y  l e a r n e d  s k i l l s  i n  s i t u a t i o n s  
t h a t  a r e  d i f f e r e n t  f rom t h e  s i t u a t i o n s  i n  w h z h  -- t h e y  were 
l e a r n e d .  For  example ,  e n g i n e  run-up proce'Zrures l e a r n e d  i n  a 
low- rea l i sm c o c k p i t  mock-up c a n  be  g e n e r a l i z e d  t o ,  t h a t  i s ,  
pe r fo rmed  i n ,  a h i g h - r e a l i s m  s i m u l a t o r  o r  i n  an a c t u a l  
a i r p l a n e .  They c a n  b e  per formed even  though t h e  two may 
d i f f e r  c o n s i d e r a b l y  w i t h  r e s p e c t  t o  a c t u a l  s t i m u l i ,  b e c a u s e  
t h e  meanings  o f  cues p r e s e n t  i n  t h e  mock-up a re  s i m i l a r  t o  
t h e  meanings  o f  c o r r e s p o n d i n g  cues p r e s e n t  i n  t h e  
a i r c r a f t .  
---- 
- - --
I n  f a c t ,  a l l  cues l e a r n e d  i n  s i m u l a t o r s  c a n  be  
g e n e r a l i z e d  t o ,  t h a t  is ,  s u b s e q u e n t l y  u t i l i z e d  i n ,  a i r c r a f t  
t o  t h e  e x t e n t  t h a t  t h e  cues  h a v e  t h e  same meaning i n  b o t h  
t h e  s i m u l a t o r  and t h e  a i r c r a f t .  T h e  p h y s i c a l  s t i m u l i  c an  
v a r y .  I n s t r u m e n t s  c a n  be o f  d i f f e r e n t  s i z e s  o r  
c o n f i g u r a t i o n s ;  v i s u a l  d i s p l a y s  can r e s e m b l e  g e o m e t r i c  
p a t t e r n s  more t h a n  r e a l - w o r l d  s c e n e r y  o r  c a n  u s e  symbols  t o  
r e p r e s e n t  o b j e c t s ;  p l a t f o r m  mot ion  s y s t e m s  can b e  r e s t r i c t e d  
t o  a c c e l e r a t i o n s  o f  b r i e f  d u r a t i o n  and movements o f  s m a l l  
d i s t a n c e s .  A f t e r  a l l ,  even  t h e  most  s o p h i s t i c a t e d  s i m u l a t o r  
p r o v i d e s  a t  b e s t  a low- rea l i sm r e p r e s e n t a t i o n  o f  many o f  t h e  
r e a l - w o r l d  c a p a b i l i t i e s  o f  t h e  a i r c r a f t  s i m u l a t e d .  
T h e r e f o r e ,  t h e  t r a i n i n g  g i v e n  i n  t h e  s i m u l a t o r  m u s t  
c o n c e n t r a t e  upon cues and r e s p o n s e s  t h a t  c a n  g e n e r a l i z e  t o  
t h e  a i r c r a f t  and  i ts  m i s s i o n .  To t h e  e x t e n t  t h a t  
a p p r o p r i a t e  cues and r e s p o n s e s  c a n n o t  b e  r e p r e s e n t e d  i n  a 
p a r t i c u l a r  s i m u l a t o r  d u e  t o  t e c h n o l o g y  o r  c o s t  l i m i t a t i o n s ,  
t h e  s k i l l s  a s s o c i a t e d  w i t h  them m u s t  b e  l e a r n e d  i n  t h e  
c l a s s r o o m ,  i n  o t h e r  d e v i c e s ,  o r  i n  t h e  a i r c r a f t  i t s e l f .  
About t w e n t y  y e a r s  a g o ,  t h e  Army bought  a v e r y  h i g h  
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r e a l  i s m  p r o c e d u r e s  t r a i n e r  f o r  a new t w i n  t u r b i n e  powered 
a i r c r a f t  ( F i g u r e  5 )  and a s k e d  u s  t o  a s ses s  i t s  t r a n s f e r  o f  
t r a i n i n g  v a l u e .  W e  a g r e e d  t o  d o  s o ,  b u t  i n  a d d i t i o n ,  w e  
used  o u r  knowledge o f  t h e  t r a i n i n g  t e c h n o l o g y  c o n c e p t s  
rev iewed above  t o  c o n s t r u c t  a low-rea l i sm mock-up o f  t h e  
c o c k p i t  o f  t h e  same a i r c r a f t  ( F i g u r e  6 )  so t h a t  i t s  t r a i n i n g  
e f f e c t i v e n e s s  c o u l d  be  compared w i t h  t h a t  of t h e  
c o n s i d e r a b l y  more e x p e n s i v e  Army d e v i c e .  
The mock-up was made o f  plywood, dowel r o d s ,  and  
p h o t o g r a p h s .  The ma te r i a l  cos t  a b o u t  $30, and  i t  was 
c o n s t r u c t e d  by u n s k i l l e d  l a b o r .  P h y s i c a l l y ,  i t  was v e r y  
u n l i k e  t h e  a i r c r a f t  i t  s i m u l a t e d .  However, b y  c a r e f u l  
d e s i g n ,  i t  c o n t a i n e d  s t i m u l i  t h a t  c o u l d  s e r v e  a s  cues t o  t h e  
p r o c e d u r a l  t a s k s  t h a t  c o u l d  b e  per formed i n  t h e  h igh-  
f i d e l i t y  t r a i n e r  t h e  Army had d e v e l o p e d .  t h e  r e s p o n s e s  t o  
cues t h a t  were r e q u i r e d  i n  t h e  a i r c r a f t  c o u l d  b e  p r a c t i c e d  
i n  t h e  d e v i c e .  
The t r a i n i n g  program u s e d  w i t h  t h e  mock-up d i f f e r e d  
s l i g h t l y  from t h a t  used w i t h  t h e  more e x p e n s i v e  Army 
t r a i n e r .  The  mock-up program emphas ized  t h e  d i s c r i m i n a t i o n s  
t h a t  were t o  be l e a r n e d  and t h e  meaning ,  o r  cue v a l u e ,  o f  
t h e  p h y s i c a l  f e a t u r e s  o f  t h e  mock-up. I t  a l s o  c a l l e d  t h e  
t r a i n e e ' s  a t t e n t i o n  t o  t h e  g e n e r a l i z a t i o n s  t h a t  would be 
r e q u i r e d  i n  o r d e r  f o r  h im t o  pe r fo rm c o r r e c t l y  i n  t h e  
a i r c r a f t  a f t e r  b e i n g  t r a i n e d  i n  t h e  mock-up. 
The t r a i n e e s  were Army p i l o t s  who were q u a l i f i e d  t o  
r e c e i v e  t r a n s i t i o n  t r a i n i n g  f o r  t h e  new a i r p l a n e .  None o f  
t h e s e  p i l o t s  had p r e v i o u s  e x p e r i e n c e  f l y i n g  t u r b i n e  powered 
a i r c r a f t .  Three  e q u a l l y  e x p e r i e n c e d  g r o u p s  o f  p i l o t s  were 
used  d u r i n g  t h e  e v a l u a t i o n  o f  t h e  t r a i n i n g  e f f e c t i v e n e s s  o f  
t h e  two d e v i c e s .  One g r o u p  was t r a i n e d  e n t i r e l y  i n  t h e  
Army-developed t r a i n e r ,  o n e  g r o u p  i n  t h e  mock-up, and one  i n  
t h e  a i r c r a f t  i t s e l f .  I n  a d d i t i o n ,  o f  c o u r s e ,  e a c h  g r o u p  
r e c e i v e d  ground s c h o o l  i n s t r u c t i o n  r e l e v a n t  t o  t h e  t a s k s  
t h e y  were b e i n g  t r a i n e d  t o  pe r fo rm.  
Fo l lowing  t h e i r  t r a i n i n g  i n  t h e  d e v i c e  o r  i n  t h e  mock- 
up ,  e a c h  g r o u p  was g i v e n  a p e r f o r m a n c e  tes t  i n  t h e  a i r c r a f t ,  
and its pe r fo rmance  was compared w i t h  g r o u p  t r a i n e d  o n l y  i n  
t h e  a i r c r a f t .  The r e s u l t s  a r e  summarized i n  F i g u r e  7 
( P r o p h e t  & Boyd, 1 9 7 0 ) .  The g r o u p s  t r a i n e d  i n  t h e  t r a i n e r  
and i n  t h e  mock-up made j u s t  a b o u t  t h e  same number o f  e r r o r s  
d u r i n g  e a c h  t r a i n i n g  t r i a l .  On t h e i r  f i r s t  a t t e m p t  t o  
pe r fo rm t h e  p r o c e d u r e s  i n  t h e  a i r c r a f t ,  which o c c u r r e d  a f t e r  
f i v e  t r a i n i n g  t r i a l s  i n  t h e  r e s p e c t i v e  d e v i c e s ,  t h e i r  
p e r f o r m a n c e  was a b o u t  e q u a l  t o  t h e  pe r fo rmance  o f  t h e  g r o u p  
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Figure 5.- Cockpit procedures t r a i n e r  for U.S. Army OV-1 a i r c r a f t .  
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Figure 6 . -  Low-cost cockpi t  mock-up f o r  OV-1 a i r c r a f t .  
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who had r e c e i v e d  a l l  f i v e  o f  i t s  t r a i n i n g  t r i a l s  i n  t h e  
a i r c r a f t .  Thus,  t h e  t r a n s f e r  o f  t r a i n i n g  v a l u e  o f  t h e s e  two 
s i m u l a t o r s  was e s s e n t i a l l y  e q u a l  i n  s p i t e  o f  t h e i r  w i d e  
d i s c r e p a n c y  i n  p h y s i c a l  realism, F u r t h e r ,  t h e  t r a i n i n g  
r e c e i v e d  i n  e i t h e r  d e v i c e  was e s s e n t i a l l y  a s  good a s  t h e  
t r a i n i n g  t h a t  c o u l d  be p r o v i d e d  i n  t h e  a i r c r a f t .  
P l e a s e  n o t e  t h a t  b o t h  o f  t h e  d e v i c e s  used i n  t h i s  s t u d y  
were s i m u l a t o r s ,  n o t  g e n e r i c  t r a i n e r s .  T h a t  is ,  t h e y  were 
d e s i g n e d  t o  s i m u l a t e  p r e c i s e l y  t h e  cues and r e s p o n s e s  
a p p r o p r i a t e  t o  a s p e c i f i c  a i r c r a f t ,  G e n e r i c  t r a i n e r s  s h o u l d  
n o t  be  e x p e c t e d  t o  r e s u l t  i n  t h e  v e r y  h i g h  l e v e l s  o f  
t r a n s f e r  shown h e r e ,  s i n c e  t h e  d i s c r i m i n a t i o n s  a p p r o p r i a t e  
t o  a s p e c i f i c  a i r c r a f t  c a n n o t  b e  l e a r n e d  e a s i l y  i n  g e n e r i c  
t r a i n e r s ,  The v a l u e  o f  a g e n e r i c  t r a i n e r  is  more o r  l e s s  
p r o p o r t i o n a l  t o  t h e  e x t e n t  o f  i ts  s i m i l a r i t y  t o  t h e  a i r c r a f t  
t o  which p a r t - t r a i n i n g  p e r f o r m a n c e  is i n t e n d e d  t o  
g e n e r a l i z e .  The g r e a t e r  t h e  d i s s i m i l a r i t y ,  t h e  more 
d i f f i c u l t  i t  becomes t o  t r a i n  t h e  d i s c r i m i n a t i o n s  t h a t  w i l l  
b e  r e q u i r e d  i n  t h e  p a r t - t r a i n i n g  a i r c r a f t .  
Another  example  o f  a l ow- rea l i sm s i m u l a t o r  is shown i n  
F i g u r e  8 ,  a l t h o u g h  i t  is  somewhat more r e a l i s t i c  t h a n  t h e  
mock-up j u s t  d i s c u s s e d .  T h i s  o n e  c o s t  a b o u t  $ 4 , 3 0 0 ,  
i n c l u d i n g  ma te r i a l  and l a b o r  ( F o o t n o t e  3 ) .  T h i s  s i m u l a t o r  
i s  a p r o c e d u r e s  t r a i n e r  f o r  t h e  King A i r  a i r p l a n e .  None o f  
t h e  i n s t r u m e n t s  o r  c o n t r o l s  i n  t h i s  d e v i c e  a r e  r e a l .  They 
a r e  e i t h e r  p h o t o g r a p h s ,  molded p l a s t i c ,  o r  plywood, p a i n t e d  
t o  r e s e m b l e  components  o f  t h e  a i r p l a n e .  U n l i k e  t h e  mock-up 
shown i n  F i g u r e  6 ,  t h e  p a n e l  l i g h t s  f u n c t i o n  on  t h i s  d e v i c e ,  
a f e w  i n  r e s p o n s e  t o  movement o f  s p e c i f i c  c o n t r o l s ,  a s  t h e y  
would i n  t h e  a i r c r a f t .  When t h e  w i r i n g  g o t  t o o  c o m p l i c a t e d  
f o r  t h e  c a r p e n t e r s  who b u i l t  t h i s  s i m u l a t o r ,  s w i t c h e s  were 
p r o v i d e d  so an i n s t r u c t o r  c o u l d  t u r n  l i g h t s  o n  and o f f ,  a s  
a p p r o p r i a t e ,  t o  t r a i n e e  c o n t r o l  movements and s y s t e m  
c o n d i t i o n s .  Except  f o r  t h e s e  l i g h t s ,  t h e  s i m u l a t o r  had 
a b s o l u t e l y  no dynamic f e a t u r e s .  
But i t  had a f e a t u r e  t h a t  made i t  u n l i k e  a n y  o t h e r  
a i r p l a n e  s i m u l a t o r .  All o f  t h e  i n s t r u m e n t s  had p o i n t e r s  o r  
o t h e r  i n d i c a t o r s  t h a t  c o u l d  be  p o s i t i o n e d  m a n u a l l y  b y  t h e  
t r a i n e e .  When, f o r  example ,  d u r i n g  e n g i n e  s t a r t  p r o c e d u r e s ,  
the '  t r a i n e e  advanced t h e  c o n d i t i o n  l e v e r  t o  t h e  h i g h  i d l e  
p o s i t i o n ,  would a l s o  r e a c h  o v e r  t o  t h e  N1 i n d i c a t o r  and 
s e t  t h e  p o i n t e r  t o  70%. S i n c e  t h e  p o i n t e r  would r i se  
a u t o m a t i c a l l y  t o  70% i n  t h e  a i r c r a f t  i n  r e s p o n s e  t o  movement 
o f  t h e  c o n d i t i o n  l e v e r ,  t h e  t r a i n e e ' s  a c t i o n  i n  t h e  
he  
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Figure 7.- Comparison of performance of p i l o t s  t r a ined  i n  a cockpi t  procedures 
t r a i n e r ,  i n  a cockpi t  mock-up, and i n  t h e  a i r c r a f t  simulated.  
Figure 8.- Low-cost procedures t r a i n e r  f o r  the King A i r .  
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s i m u l a t o r  i n v o l v e d  an  i n t e r m e d i a t e  s t e p  t h a t  was n o t  
n e c e s s a r y  i n  t h e  a i r c r a f t - - t h e  s t e p  o f  m a n u a l l y  s e t t i n g  t h e  
p o i n t e r .  However, t h e  i n t e r m e d i a t e  s t e p  e n a b l e d  t h e  t r a i n e e  
t o  p r a c t i c e  t h e  t a s k  t o  be per formed i n  t h e  a i r c r a f t ,  and  
a l s o  e n a b l e d  t h e  i n s t r u c t o r  t o  v e r i f y  t h a t  t h e  t r a i n e e  d i d  
know p r e c i s e l y  t h e  v a l u e  h e  s h o u l d  a t t a i n  t h r o u g h  movement 
o f  t h e  c o n d i t i o n  l e v e r .  
Dur ing  s u b s e q u e n t  p e r f o r m a n c e  o f  t h e  e n g i n e  s t a r t  
p r o c e d u r e s  i n  t h e  a i r c r a f t ,  t h e  intermediate s t e p s  l e a r n e d  
i n  t h e  s i m u l a t o r  r a p i d l y  d i s a p p e a r e d ,  b e c a u s e  t h e y  were no 
l o n g e r  needed ,  Dur ing  t h e  f i r s t  t r i a l  i n  t h e  a i r c r a f t ,  t h e  
t r a i n e e  would move t h e  c o n d i t i o n  l e v e r  t o  t h e  h i g h  i d l e  
p o s i t i o n ,  r e a c h  o v e r  and t o u c h  t h e  Nl i n s t r u m e n t ,  and  v e r i f y  
t h a t  t h e  i n s t r u m e n t  r e a d  70%. Dur ing  t h e  second t r i a l ,  h e  
o n l y  p o i n t e d  t o  t h e  N i n s t r u m e n t ,  By t h e  t h i r d  t r i a l ,  a l l  
o f  t h e  i n t e r m e d i a t e  ' s t e p s  had d ropped  o u t ,  and  h i s  
p e r f o r m a n c e  was t o t a l l y  a p p r o p r i a t e  t o  t h e  a i r c r a f t .  
The i n t e r m e d i a t e  s t e p s  t h a t  were per formed i n  t h e  
s i m u l a t o r  a r e  known t e c h n i c a l l y  a s  m e d i a t o r s ,  T h a t  is ,  t h e y  
come be tween,  o r  m e d i a t e ,  t h e  l i n k  between s t i m u l i ,  cues,  
and r e s p o n s e s .  But a m e d i a t o r  is n o t  n e c e s s a r i l y  a n  o v e r t  
a c t  s u c h  a s  p h y s i c a l l y  p o s i t i o n i n g  a p o i n t e r .  - A m e d i a t o r  
c a n  b e  a word, p h r a s e ,  o r  t h o u g h t  I_ t h a t h e l p s  a t r a i n e e  
c o n n e c t  a c u e  w i t h  a r e s P o n s e o r  a s s o c i a t e  meaninu- w i t h  a 
- - -  
---- -
p a r t i c u l a r  s t i m u l u s ,  _.-- ah i n a v e r b a l  o r  o t h e r  r e s p o n s e  t h a F  
s u b s t i t u t e s  i n  t r a i n i n g  f o r  a n o n v e r b a l a c t i o n  T h a t  --- must  - be 
t a k e n  s u b s e F e n t  - -  t o  that - t r a i n i n g ,  I n  b r i e f ,  i t  is an  
u n d e r s t a n d i n g  of  cues  and r e s p o n s e s ,  and  how t h e y  a r e  to  
o c c u r  . 
Another  King A i r  s i m u l a t o r  is shown i n  F i g u r e  9. I t  is 
4/10  s c a l e  and is p r i n t e d  on a s i n g l e  s h e e t  o f  p a p e r b o a r d ,  
r e a d y  t o  be c u t  o u t  and  a s sembled  a s  shown. T r a n s i t i o n i n g  
p i l o t s  w i t h  no p r i o r  t u r b i n e  e x p e r i e n c e ,  w i t h  t h e  a i d  o n l y  
o f  t h e  a i r c r a f t  f l i g h t  manual ,  have  been a b l e  t o  l e a r n  a l l  
t h e  p r o c e d u r e s  a s s o c i a t e d  w i t h  o p e r a t i o n  of t h e  King A i r  
u s i n g  t h i s  s i m u l a t o r  (Caro ,  J o l l e y ,  I s l e y ,  and Wr igh t ,  
1972)  . I n  d o i n g  s o ,  t h e y  h a v e  made e x t e n s i v e  u s e  o f  v e r b a l  
m e d i a t i o n  t o  d i s c r i m i n a t e  s t i m u l i ,  t o  e s t a b l i s h  cue 
mean ings ,  t o  p r a c t i c e  o p e r a t i o n  o f  t h e  a i r c r a f t ' s  c o n t r o l s ,  
and  t o  a n t i c i p a t e  t h e  g e n e r a l i z a t i o n s  t h a t  would o c c u r  
d u r i n g  s u b s e q u e n t  p e r f o r m a n c e  i n  more r e a l i s t i c  s i m u l a t o r s  
o r  i n  t h e  a i r c r a f t  i t s e l f .  Through media t i o n ,  
d e m o n s t r a t a b l e  t r a n s f e r  o f  t r a i n i n g  c a n  be o b t a i n e d  by 
m e n t a l  r e h e a r s a l  df d i s c r i m i n a t i o n s  t o  be l e a r n e d ,  of 
c o n t r o l s  t o  be a c t i v a t e d ,  and  o f  s w i t c h e s  t o  be 
r e p o s i t i o n e d .  I n  f a c t ,  i n  a c a r e f u l l y  s t r u c t u r e d  and  
a d m i n i s t e r e d  t r a i n i n g  program, s u c h  t r a i n i n g  c a n  be j u s t  a s  
e f f e c t i v e  and e f f i c i e n t  a s  a c t u a l l y  p e r f o r m i n g  t h e  
p r o c e d u r e s  i n v o l v e d  I 
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W e  a r e  c u r r e n t l y  employing  a h i g h e r  t e c h n o l o g y  v e r s i o n  
o f  t h e  p a p e r  s i m u l a t o r  c o n c e p t  which c o n s i s t s  o f  an image on 
a computer  d i s p l a y .  With computer  s i m u l a t i o n ,  images  a r e  
g e n e r a t e d  e l e c t r o n i c a l l y  and  d i s p l a y e d  on a v i d e o  t e r m i n a l ,  
a s  is i l l u s t r a t e d  by t h e  p h o t o g r a p h  of a compute r -gene ra t ed  
image i n  F i g u r e  1 0 ,  i n s t e a d  o f  p r i n t e d  on p a p e r b o a r d .  The 
g r a p h i c  a p p e a r a n c e s  o f  t h e  a i r c r a f t  c o c k p i t  p a n e l s  s i m u l a t e d  
is s imilar  i n  b o t h  i n s t a n c e s ,  a l t h o u g h  d i s p l a y  s i z e  l i m i t s  
t h e  computer  s i m u l a t i o r ,  t o  a p o r t i o n  o f  t h e  c o c k p i t  i n  o r d e r  
t o  p r e s e n t  c u e s  i n  s u f f i c i e n t  d e t a i l  t o  p e r m i t  n e c e s s a r y  
d i s c r i m i n a t i o n s  t o  b e  made. I n  t h e  example  shown i n  F i g u r e  
1 0 ,  o n l y  t h e  f u e l  s y s t e m  c o n t r o l s  and r e l e v a n t  d i s p l a y  
p a n e l s  a r e  i n c l u d e d  i n  t h e  s i m u l a t i o n .  Thus,  i t  is a f u e l  
s y s t e m  s i m u l a t o r  r a t h e r  t h a n  a more c o m p l e t e  a i r c r a f t  
s i m u l a t o r .  
Using a compute r ,  i t  is eas ie r  t o  r e p r e s e n t  t h e  
dynamics  o f  t h e  s y s t e m  b e i n g  s i m u l a t e d  t h a n  is t h e  case w i t h  
a pape r  s i m u l a t o r  o r  some o t h e r  l ow- rea l i sm a p p r o a c h e s .  
M e d i a t i o n  is s t i l l  r e q u i r e d ,  however ,  The r e s p o n s e s  t o  b e  
l e a r n e d  o r  p r a c t i c e d  on s u c h  a s i m u l a t o r  c a n  b e  m e d i a t e d  
t h r o u g h  a keyboard ,  a l i g h t  pen,  o r  a t o u c h - s e n s i t i v e  
s c r e e n .  I n  t h e  s i r n u l a t i o n  shown i n  F i g u r e  1 0 ,  f o r  example ,  
t o u c h i n g  s i m u l a t e d  p a n e l  s w i t c h e s  r e s u l t s  i n  t h e i r  b e i n g  
r e p o s i t i o n e d  w i t h  r e s u l t i n g  s i m u l a t i o n  o f  f u e l  s y s t e m  
dynamics ,  j u s t  a s  would o c c u r  i n  t h e  a i r c r a f t  were t h e  
a c t u a l  s w i t c h e s  s i m i l a r l y  r e p o s i t i o n e d .  
The s i m u l a t i o n  d e p i c t e d  i n  F i g u r e  1 0  was g e n e r a t e d  
t h r o u g h  a computer  program u s i n g  t h e  c o m p u t e r ' s  g r a p h i c  
d i s p l a y  c a p a b i l i t y .  C u r r e n t  t e c h n o l o g y  a l s o  p e r m i t s  t h e  
same k i n d s  o f  s i m u l a t i o n  employing  o t h e r  image s o u r c e s ,  
i n c l u d i n g  t e l e v i s i o n .  S i m u l a t i o n s  t h a t  u s e  i n t e r a c t i v e  
v i d e o d i s c s  o p e r a t e d  under  computer  c o n t r o l  and i n  
c o n j u n c t i o n  w i t h  t o u c h - s e n s i  t i v e  p a n e l s  p e r m i t  more 
r e a l i s t i c  l o o k i n g  a i r c r a f t  c o n t r o l s  and d i s p l a y s  t o  be used ,  
a s  i l l u s t r a t e d  i n  F i g u r e  11, By employing  t h e  m e d i a t i n g  
r e s p o n s e  of  t o u c h i n g  t h e  p r o p e r  p o r t i o n  o f  t h e  image of  t h e  
p a n e l  o f  a d i s p l a y  g e n e r a t e d  from e i t h e r  compute r  o r  
v i d e o d i s c  s o u r c e s ,  a s i m u l a t e d  s w i t c h  may b e  r e p o s i t i o n e d  
( a s suming  u s e  o f  a t o u c h - s e n s i t i v e  s c r e e n )  .For example,  t h e  
image of t h e  lamp check  s w i t c h  i n  F i g u r e  11 was used t o  
s i m u l a t e  p e r f o r m a n c e  o f  t h e  lamp check  t a s k ,  p r o d u c i n g  t h e  
d i s p l a y  shown i n  F i g u r e  1 2 .  ( T h e ' l o c a t i o n  o f  t h e  a c t i v a t e d  
s w i t c h  h a s  been h i g h l i g h t e d  i n  t h i s  example  t o  c a l l  t h e  
r e a d e r ' s  a t t e n t i o n  t o  i t . )  
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Figure 9.- Paperboard procedures t r a i n e r  f o r  t h e  King A i r .  
Figure 10.- Computer s imulat ion of an a i r c r a f t  f u e l  system. 
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The p a n e l  shown i n  F i g u r e s  11 and 1 2  was drawn on  a 
g r a p h i c s  computer  d e s i g n e d  f o r  t h a t  purpose .  I t  is n o t  a 
pho tograph ,  v i d e o  image, o r  example o f  boa rd  a r t ,  a l t h o u g h  
e i t h e r  o f  t h o s e  a p p r o a c h e s  c o u l d  have been u s e d  t o  g e n e r a t e  
a p i c t u r e  o f  a p a n e l  o r  d i s p l a y  o f  i n t e  found 
t h a t  t h e  computer -genera ted  g r a p h i  t o  t h e  
c r e a t i o n  o f  p a n e l  images s u c h  a s  shown h e r e  h a s  s i g n i f i c a n t  
deve lopment  time and c o s t  a d v a n t a g e s  f o r  some s i m u l a t i o n  
a p p l i c a t i o n s .  
S t and-a lone  p r o c e d u r e s  and o t h e r  p a r t - t a s k  t r a i n i n g  
d e v i c e s  a r e  becoming much l e s s  common i n  p i l o t  t r a i n i n g ,  
S i m u l a t i o n s  c o n s i s t i n g  o f  l e s s  c o s t l y  and e q u a l l y  e f f e c t i v e  
computer  and i n t e r a c t i v e  v i d e o  d i s c  d i s p l a y  u n i t s  a r e  t a k i n g  
t h e i r  p l a c e .  With p r o p e r  a t t e n t i o n  t o  t h e  d e s i g n  o f  
s i m u l a t i o n s  employing t h e s e  new t e c h n o l o g i e s ,  and t o  t h e  
m e d i a t i o n a l  p r o c e s s  t o  be used w i t h  them,  p i l o t  t r a i n i n g  
w i l l  be i n c r e a s i n g l y  c o s t  e f f e c t i v e  i n  t h e  f u t u r e .  
That  is n o t  t o  s a y  t h a t  f l i g h t  s i m u l a t o r s  a r e  t h i n g s  of  
t h e  p a s t .  I n  f a c t ,  a l t h o u g h  n o t  e s s e n t i a l ,  t h e y  a r e  
becoming i n c r e a s i n g l y  i m p o r t a n t  i n  p i l o t  t r a i n i n g ,  and f o r  
a t  l e a s t  two r e a s o n s :  f i r s t ,  t h e  s t a t e  of t h e  s i m u l a t o r  
e n g i n e e r i n g  a r t  is s u f f i c i e n t  t o  p roduce  d e v i c e s  i n  which 
c o m p l e t e  and v e r y  r e a l i s t i c  f l i g h t  t r a i n i n g  f o r  l i n e  
o p e r a t i o n s  can  b e  conduc ted ;  and second ,  s u c h  t r a i n i n g  can 
b e  conducted  much more e f f i c i e n t l y  and under  b e t t e r  c o n t r o l  
i n  s i m u l a t o r s  t h a n  is p o s s i b l e  i n  a i r c r a f t .  Al though an  
i n c r e a s j . n g  p o r t i o n  o f  p i l o t  t r a i n i n g  i n  t h e  f u t u r e  w i l l  be  
conduc ted  us ing  compute r s  and v i d e o  d i s p l a y  u n i t s ,  t h e  need 
w i l l  remain t o  p r o v i d e  whole- task t r a i n i n g ,  t h a t  is ,  
t r a i n i n g  t h a t  w i l l  i n t e g r a t e  t h e  v a r i o u s  p r o c e d u r a l ,  
psychomotor ,  and c o g n i t i v e  s k i l l s  learned u s i n g  p a r t - t a s k  
s i m u l a t i o n s  i n t o  t h e  t o t a l  s k i l l  r e q u i r e m e n t s  of t h e  l i n e  
p i l o t ,  That  i n t e g r a t i o n  t r a i n i n g  w i l l  have  t o  t a k e  p l a c e  i n  
a v e h i c l e  i n  which t h e  whole t a s k  c a n  b e  per formed.  Tha t  
v e h i c l e  m u s t  b e  e i t h e r  t h e  l i n e  a i r c r a f t  i t s e l f  o r  a v e r y  
good whole- task s i m u l a t i o n  o f  it. I n c r e a s i n g l y ,  whole t a s k  
s i m u l a t o r s  a r e  becoming t h e  p r e f e r r e d  d e v i c e  f o r  s u c h  
t r a i n i n g  
Realism i n  v i s u a l  s i m u l a t i o n  h a s  n o t  y e t  been 
a d d r e s s e d ,  b u t  t h e  same t r a i n i n g  c o n s i d e r a t i o n s  a p p l y .  The 
p r e s e n t  s t a t e  of t h e  a r t  i n  o u t s i d e - t h e -  c o c k p i t  v i s u a l  
is based  upon computer -genera ted  imagery. 
v i s u a l  s c e n e s  a r e  becorning i n c r e a s i n g l y  r e a l  i s t i c ,  
i n  l a rge  p a r t  b e c a u s e  FAA r e q u i r e m e n t s  f a r  P h a s e  I1 and 111 
s i m u l a t o r s  a r e  based  upon t h e  common e l e m e n t s  u n d e r s t a n d i n g  
of t r a i n i n g  e f f e c t i v e n e s s ,  F u l l  d a y l i g h t  s c e n e s  t h a t  w i l l  
meet t h o s e  r e q u i r e m e n t s  a r e  e x p e n s i v e ,  However, v e r y  good 
t r a i n i n g  can be  o b t a i n e d  u s i n g  less e x p e n s i v e  n i g h t  s c e n e s  
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Figure 11.- An a i r c r a f t  c o n t r o l  panel  c r e a t e d  by computer generated graphics  
f o r  d i sp l ay  v i a  videodisc .  
Figure 12.- Panel depicted i n  f i g u r e  11 wi th  lamp text switch a c t i v a t e d  
( o r i g i n a l  i n  f u l l  c o l o r ) .  
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s u c h  a s  t h a t  i n  F i g u r e  13, The i m p o r t a n t  c u e s  t o  which a 
p i l o t  must  r e spond  i n  p r a c t i c i n g  t a k e - o f f s  and 
l a n d i n g s  c a n  be  p r e s e n t e d  i n  s c e n e s  s u c h  a s  i n  F i g u r e  13 ,  
A i r p o r t s  c o n s i s t  o f  man-made g e o m e t r i c  p a t t e r n s  and 
p o i n t s .  S i m u l a t i o n  o f  t h e s e  p a t t e r n s  and  p o i n t s  p r o v i d e s  
s u f f i c i e n t  cues t o  p e r m i t  p r a c t i c e  o f  t a k e - o f f ,  c i r c l i n g ,  
and  l a n d i n g  t a s k s .  I n  f a c t ,  e f f e c t i v e  t r a i n i n g  o f  v i s u a l  
maneuvers  h a s  been  d e m o n s t r a t e d  u s i n g  even  much s i m p l e r  
d i s p l a y s ,  Over 30 y e a r s  a g o ,  f o r  example,  r e s e a r c h e r s  a t  
t h e  U n i v e r s i t y  o f  I l l i n o i s  d e m o n s t r a t e d  t h a t  a runway 
p a t t e r n  drawn on  a b l a c k b o a r d ,  and  t i l t e d  m a n u a l l y  a s  a 
t r a i n e e  s i m u l a t e d  f l y i n g  t r a f f i c  p a t t e r n s  and  l a n d i n g s ,  a s  
is i l l u s t r a t e d  i n  F i g u r e  1 4 ,  p r o v i d e d  t r a n s f e r a b l e  t r a i n i n g  
(Flexman,  Matheny, and Brown, 1950)  , V e r b a l  m e d i a t i o n  
p l a y e d  an i m p o r t a n t  r o l e  i n  t h a t  v i s u a l  s i m u l a t i o n ,  
By now, you s h o u l d  have  g o t t e n  a message ,  The  
a t t e n t i o n  p a i d  i n  p i l o t  t r a i n i n g  programs t o  t r a i n i n g  
p r o c e s s  c o n s i d e r a t i o n s  makes a b i g  d i f f e r e n c e  i n  t h e  c o s t  
and  c o m p l e x i t y  o f  t h e  t r a i n i n g  equ ipmen t  needed .  Rea l i sm is 
n i c e  t o  have ,  even  n e c e s s a r y  f o r  some t r a i n i n g ,  b u t  i t  a d d s  
c o s t  t o  an  a l r e a d y  c o s t l y  e n t e r p r i s e ,  A major  p a r t  o f  t h e  
t r a i n i n g  r e q u i r e d  by p i l o t s  c a n  b e  c o n d u c t e d  u s i n g  
r e l a t i v e l y  low- rea l i sm,  low-cos t  s i m u l a t o r s .  I f  you a r e  
r e s u l t s  o r i e n t e d  and w i l l i n g  t o  a t t e n d  i n  d e t a i l  t o  how 
t r a i n i n g  is s t r u c t u r e d  and a d m i n i s t e r e d ,  you c a n  have  
e f f e c t i v e  t r a i n i n g  a t  a f f o r d a b l e  c o s t .  
So f a r  t h i s  p a p e r  h a s  a d d r e s s e d  s i m u l a t o r s  and how t h e y  
a r e  d e s i g n e d  and used .  Another  a s p e c t  o f  c o s t  e f f e c t i v e  
p i l o t  t r a i n i n g ,  o f  c o u r s e ,  i s  t h e  c o n t e n t  o f  t h a t  t r a i n i n g .  
A c h a r a c t e r i s t i c  o f  most  p i l o t  t r a i n i n g  is t h a t  i ts  c o n t e n t  
i s  more comprehens ive  t h a n  is needed i n  some a reas ,  w h i l e  
somewhat t h i n  i n  o t h e r s .  The re  is a t e n d e n c y  t o  g o  
o v e r b o a r d  i n  d e v e l o p i n g  p i l o t  t r a i n i n g  programs,  
p a r t i c u l a r l y  where s y s t e m s  knowledge is c o n c e r n e d ,  b e c a u s e  
o f  t h e  v e r y  r ea l  d a n g e r s  o f  p r o v i d i n g  t o o  l i t t l e  t r a i n i n g ,  
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Figure 1 3 . -  Night v i s u a l  scene containing cues important t o  takeoff and 
landing p rac t i ces .  
Figure 14.- Visual f l i g h t  t r a i n i n g  a t  t he  Universi ty  of I l l i n o i s  using a 
run pa t t e rn  drawn on a blackboard. 
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and s e n d i n g  p i l o t s  t o  t h e  l i n e  who a r e  n o t  a d e q u a t e l y  
t r a i n e d  t o  d e a l  w i t h  a n y  c o n c e i v a b l e  s i t u a t i o n  o r  equipment  
f a i l u r e  t h a t  may a r i s e .  I n  s p i t e  o f  s u c h  a t e n d e n c y ,  
however ,  i m p o r t a n t  t r a i n i n g  c o n t e n t  c a n  e a s i l y  b e  m i s s e d .  
The problem is t o  a s su re  t h a t  e a c h  and e v e r y  p i l o t  h a s  t h e  
knowledge a b o u t  t h e  a i r c r a f t  h e  f l i e s ,  and  its many and 
o f t e n  complex s y s t e m s ,  t o  e n a b l e  h i m  t o  respond 
a p p r o p r i a t e l y  t o  unexpec ted  equ i pmen t f a i l u r e s  , 
e n v i r o n m e n t a l  f a c t o r s ,  t r a f f i c  c o n d i t i o n s ,  o r  e v e n t s  
i n v o l v i n g  o t h e r  crew members o r  p a s s e n g e r s .  
Those who a r e  f a m i l i a r  w i t h  t h e  Kemmeny Commission 
r e p o r t  on t h e  a c c i d e n t  a t  Three  Mile I s l a n d  w i l l  r e c a l l  t h a t  
t h e  Commission was h i g h l y  c r i t i c a l  of t h e  o p e r a t o r s  o f  t h a t  
n u c l e a r  power p l a n t  b e c a u s e  t h e  c o n t e n t  o f  t h e  t r a i n i n g  
p r o v i d e d  c o n t r o l  room o p e r a t o r s  was i m p r e c i s e  and was n o t  
b a s e d  upon d e t a i l e d  and s y s t e m a t i c  a n a l y s i s  o f  t h e  
o p e r a t o r s '  t a s k s  (Anon. , 1979)  A v a i l a b l e  t r a i n i n g  program 
development  t e c h n o l o g y  had n o t  been employed , t h e  Commission 
n o t e d .  The same cr i t ic i sm p r o b a b l y  c o u l d  b e  made of a l a r g e  
p o r t i o n  o f  t h e  f l i g h t  t r a i n i n g  conduc ted  t h r o u g h o u t  t h e  
wor ld .  I ts  c o u r s e  c o n t e n t  o f t e n  is b a s e d  upon t r a d i t i o n  and 
upon t h e  judgmen t s  and e x p e r i e n c e s  o f  a few p i l o t s  who 
happen t o  be i n  p o s i t i o n s  t o  e s t a b l i s h  t h a t  c o n t e n t .  A u d i t  
t r a i l s  between t r a i n i n g  program c o n t e n t  and t h e  t r a i n i n g  
r e q u i r e m e n t s  t h e s e  programs presumably  a d d r e s s  se ldom e x i s t ,  
p r o b a b l y  i n  many i n s t a n c e s  because t h e  t r a i n i n g  r e q u i r e m e n t s  
h a v e  been v a g u e l y  d e f i n e d ,  and t h e  t r a i n i n g  t h e r e f o r e  c a n n o t  
a d d r e s s  t h o s e  r e q u i r e m e n t s  w i t h  any  p r e c i s i o n ,  Such 
programs c h a r a c t e r i s t i c a l l y  r e l y  upon s t and-up  lec tures ,  
d e l i v e r e d  by i n s t r u c t o r s  who a r e  more o r  l e s s  f ree  t o  s e l e c t  
t h e  c o u r s e  c o n t e n t  t h e y  j u d g e  t o  be a p p r o p r i a t e  t o  t h e  
v a g u e l y  d e f i n e d  r equ  i r emen ts  . Add i ti o n a l l  y , t h e s e  
i n s t r u c t o r s '  e x p e r t i s e  is g e n e r a l l y  l i m i t e d  t o  t h e  
i n fo rma  t i o n  p r e s e n t e d .  They u s u a l l y  l a c k  a working 
knowledge o f  t r a i n i n g  t e c h n o l o g y  and  o f  how t o  make 
e f f i c i e n t  u s e  o f  t h e  t r a i n i n g  r e s o u r c e s  a v a i l a b l e  t o  them. 
O p e r a t o r s  who have  t r a i n i n g  programs t h a t  have  been 
i m p r e c i s e l y  d e f i n e d  and t h e r e f o r e  c a n n o t  d e m o n s t r a t e  t h e  
r e l e v a n c e  and  adequacy  o f  t h e i r  c o u r s e  c o n t e n t  w i t h  r e s p e c t  
t o  known t r a i n i n g  r e q u i r e m e n t s ,  h a v e  two ma jo r  p rob lems .  
One is l e g a l ,  t h e  o t h e r  is t e c h n i c a l .  Wi th  r e s p e c t  t o  t h e  
l e g a l  problem,  t h e s e  o p e r a t o r s  would b e  h a r d  p r e s s e d  t o  
b u i l d  a d e f e n s e  a g a i n s t  a c h a r g e  t h a t  t h e i r  t r a i n i n g  i s  
i n a p p r o p r i a t e ,  s h o u l d  t h e y  e v e r  b e  r e q u i r e d  t o  d o  so .  S i n c e  
p r o c e d u r e s  d o  e x i s t  whereby t h e  n e c e s s a r y  p r e c i s i o n  i n  
t r a i n i n g  program c o n t e n t  d e f i n i t i o n  c a n  b e  o b t a i n e d ,  a s  t h e  
Kemmeny Commission n o t e d ,  i t  w i l l  be d i f f i c u l t  t o  d e f e n d  t h e  
adequacy  o f  a t r a i n i n g  program t h a t  i s  n o t  d e r i v e d  t h r o u g h  
t h o s e  p r o c e d u r e s .  
The t e c h n i c a l  problem i s  p o s s i b l y  e v e n  more i m p o r t a n t  
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t h a n  t h e  l e g a l  one .  U n l e s s  a t r a i n i n g  program is p r e c i s e l y  
d e f i n e d ,  i t  c a n n o t  b e  packaged f o r  e f f i c i e n t  d e l i v e r y  t o  
p i l o t s ,  i t  c a n n o t  e c o n o m i c a l l y  b e  made a v a i l a b l e  t o  small  
g r o u p s  o r  t o  i n d i v i d u a l  p i l o t s  when needed ,  and i ts  c o n t e n t  
c a n n o t  be e a s i l y  c o n t r o l l e d  o r  s t a n d a r d i z e d  from one  
a d m i n i s t r a t i o n  t o  a n o t h e r .  The a d v a n t a g e s  t h a t  c a n  be 
o b t a i n e d  by c o n t r o l l i n g  t r a i n i n g  t h r o u g h  computer  managed 
and a d m i n i s t e r e d  i n s t r u c t i o n ,  a d v a n t a g e s  t h a t  a r e  
d e c r e a s i n g l y  c o s t l y  b e c a u s e  o f  r e c e n t  d e v e l o p m e n t s  i n  
computer  and v i d e o d i s c  t e c h n o l o g y ,  c a n n o t  b e  r e a l i z e d  i n  
i m p r e c i s e l y  d e f i n e d  t r a i n i n g  programs.  F u r t h e r ,  w i t h o u t  
c l e a r  d e f i n i t i o n  o f  t h e  t r a i n i n g  r e q u i r e m e n t s ,  t h e  adequacy  
o f  p i l o t  knowledge and p e r f o r m a n c e  a t  t h e  end o f  t r a i n i n g  
c a n n o t  b e  measured o b j e c t i v e l y .  R e g a r d l e s s  o f  t h e  good 
i n t e n t i o n s  o f  t h e  i n s t r u c t o r s  and check p i l o t s  i n v o l v e d  i n  
t h e  t r a i n i n g  and c h e c k i n g  p r o c e s s ,  i t  is l i k e l y  t h a t  t h e  
e v a l u a t i o n s  o f  p i l o t  knowledge and p e r f o r m a n c e  w i l l  b e  more 
a f u n c t i o n  o f  t h e  i n d i v i d u a l s  c o n d u c t i n g  t h e  a s s e s s m e n t  
r a t h e r  t h a n  a f u n c t i o n  o f  t h e  p e r f o r m a n c e  o f  t h e  p i l o t s  
assessed ,  a s i t u a t i o n  t h a t  h a s  been  d e m o n s t r a t e d  t o  b e  t h e  
c a s e  i n  t r a i n i n g  programs where t h e  v a l i d i t y  and r e l i a b i l i t y  
o f  n o n o b j e c t i v e  f l i g h t  g r a d i n g  s y s t e m s  have  been  s t u d i e d  
(Caro ,  1968). 
Many t r a i n i n g  o r g a n i z a t i o n s ,  i n c l u d i n g  s e v e r a l  ma jo r  
a i r l i n e s ,  h a v e  adop ted  s y s t e m a t i c  and c a r e f u l l y  c o n t r o l l e d  
t r a i n i n g  program deve lopmen t  p r o c e d u r e s  t o  d e a l  w i t h  t h e  
problem o f  p r e c i s e  t r a i n i n g  c o n t e n t  d e f i n i t i o n .  These  
p r o c e d u r e s  h e l p  a s s u r e  t h a t  t h e  s c o p e  and c o n t e n t  o f  t h e  
t r a i n i n g  p i l o t s  r e c e i v e  is s u f f i c i e n t  t o  t h e i r  needs .  S i n c e  
e v e r y  h o u r  o f  t r a i n i n g  c o s t s  money, t h e s e  p r o c e d u r e s  a l s o  
h e l p  c o n t r o l  t r a i n i n g  by e l i m i n a t i n g  t r a i n i n g  c o n t e n t  t h a t  
i s  n o t  needed .  
The p r o c e d u r e s  t h a t  a r e  employed a r e  v a r i e d  and have  
been g i v e n  a v a r i e t y  o f  n a m e s - - I n s t r u c t i o n a l  Sys tems 
Development ,  Sys tems Approach t o  T r a i n i n g ,  S p e c i f i c  
B e h a v i o r a l  O b j e c t i v e s ,  t o  name a few. The t h i n g s  s u c h  
p r o c e d u r e s  h a v e  i n  common a r e  d e t a i l e d  and s y s t e m a t i c  
a n a l y s i s  o f  t h e  t a s k s  f o r  which t r a i n i n g  i s  t o  b e  p r o v i d e d ,  
and  e q u a l l y  d e t a i l e d  and s y s t e m a t i c  d e f i n i t i o n  o f  t h e  
knowledge and s k i l l s  n e c e s s a r y  t o  t h e  p e r f o r m a n c e  o f  t h o s e  
t a s k s .  Given t h e  o u t p u t  of  t h e s e  p r o c e d u r e s ,  i t  i s  p o s s i b l e  
t o  s e l e c t  t r a i n i n g  r e s o u r c e s ,  p r e p a r e  i n s t r u c t i o n a l  l e s s o n s ,  
t r a i n  i n s t r u c t o r s ,  and  p r o d u c e  p i l o t s  w i t h  t h e  s k i l l s  
required t o  p e r f o r m  t h e  j o b s  g i v e n  them. Wi thou t  such  
p r o c e d u r e s  t o  f o l l o w ,  t h e  r i s k s  o f  o m i t t i n g  c r i t i c a l  c o u r s e  
c o n t e n t  o r  o f  i n c l u d i n g  u n n e c e s s a r y  ma te r i a l  i n  t h e  t r a i n i n g  
programs is much g r e a t e r .  
J u s t  how good a r e  t h e s e  program d e f i n i t i o n  and 
deve lopmen t  p r o c e d u r e s ?  F r a n k l y ,  t h e y  a r e  v e r y  good,  b u t  
o n l y  i n  t h e  hands  of p e o p l e  who a r e  t r a i n e d  s p e c i f i c a l l y  t o  
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u s e  them. I n  s u c h  hands ,  t h e y  c a n  p roduce  good t r a i n i n g ,  
t r a i n i n g  t h a t  is l e a n  and e f f i c i e n t ,  w i t h  c o n t e n t  t h a t  is 
b o t h  n e c e s s a r y  and s u f f i c i e n t  t o  t h e  pe r fo rmance  
r e q u i r e m e n t s ,  I n  t h e  hands o f  p e o p l e  whose o n l y  e x p e r t i s e  
is i n  t h e  s u b j e c t  m a t t e r  t o  b e  t r a i n e d ,  however,  t h e s e  
p r o c e d u r e s  a r e  of  l i t t l e  h e l p .  
Uni ted  A i r l i n e s  is a n  example o f  a company t h a t  h a s  
done  a v e r y  good job of a s s e m b l i n g  a s t a f f  c a p a b l e  o f  
employing t h e s e  p r o c e d u r e s  f o r  t r a i n i n g  program development ,  
and t h e  t r a i n i n g  programs t h e y  have  produced o v e r  t h e  p a s t  
d e c a d e  a r e  g e n e r a l l y  r e c o g n i z e d  a s  e x c e l l e n t .  T h e i r  
programs a r e  l e a n - - t h e r e  is no f a t  o r  nice-to-know 
i n f o r m a t i o n  i n  them. I n  f a c t ,  t h e y  a r e  so l e a n  t h a t  
q u e s t i o n s  were r a i s e d  by a number o f  p i l o t s  c o n c e r n i n g  
whe the r  t o o  much had been c u t  o u t  o f  t h e  t r a i n i n g  i n  o r d e r  
t o  reduce t r a i n i n g  c o s t s ,  
S e v e r a l  y e a r s  ago ,  w e  unde r took  a s t u d y  f o r  Uni ted  t o  
see whether  enough i n f o r m a t i o n  had been i n c l u d e d  i n  t h e i r  
p i l o t  t r a i n i n g  programs.  W e  su rveyed  a b o u t  6 , 0 0 0  Uni ted  
p i l o t s  and conducted  d e t a i l e d  i n t e r v i e w s  w i t h  a b o u t  200  o f  
them.  Not a s i n g l e  i n s t a n c e  was found i n  which a Uni ted  
p i l o t  had been u n a b l e  t o  per form a d e q u a t e l y  d u e  t o  an 
o m i s s i o n  o f  t e c h n i c a l  i n f o r m a t i o n  d u r i n g  t r a i n i n g .  C l e a r l y ,  
U n i t e d ' s  program development  p r o c e d u r e s  were working w e l l  . 
Uni ted  is n o t  u n i q u e ,  however.  Many o t h e r  examples  c o u l d  be 
g i v e n  o f  t h e  success o f  fo rma l  program development  
p r o c e d u r e s  i n  p i l o t  and o t h e r  t r a i n i n g .  
T i m e  d o e s  n o t  p e r m i t  a comprehens ive  r ev iew o f  a l l  
a s p e c t s  o f  t r a i n i n g  t e c h n o l o g y ,  The  i n t e n t  i n  t h i s  pape r  is 
t o  i n c r e a s e  your  l e v e l  of awareness  t h a t  t he re  is a 
t e c h n o l o g y  t o  h e  a p p l i e d  i n  t r a i n i n g  p i l o t s ,  Tha t  
t e c h n o l o g y  i n v o l v e s  c a r e f u l  a t t e n t i o n  t o  t h e  d e f i n i t i o n  o f  
t h e  c o n t e n t  o f  t r a i n i n g  and t o  t h e  p r o c e s s e s  th rough  which 
i t  is  conduc ted .  T r a i n i n g  t e c h n o l o g y  i s  n o t  a t e c h n o l o g y  o f  
equ ipmen t ,  a l t h o u g h  there  a r e  d e v i c e s  and d e l i v e r y  
mechanisms t h a t  c a n  c o n t r i b u t e  t o  t h e  e f f i c i e n t  and 
c o n t r o l l e d  c o n d u c t  o f  t r a i n i n g  . When you c o n s i d e r  buying 
equipment ,  whether  i t  i s  a s i m u l a t o r ,  a computer ,  a 
v i d e o d i s c ,  o r  wha teve r ,  remember t h a t  equipment  d o e s  n o t  
s o l v e  t r a i n i n g  problems.  I n  f a c t ,  you s h o u l d  n o t  even 
c o n s i d e r  buying t r a i n i n g  equipment  u n t i l  you know how i t  
w i l l  be  u s e d ,  how much, by whom, and p r e c i s e l y  f o r  what 
pu rpose .  
I f  your  s i t u a t i o n  is  s u c h  t h a t  you e l e c t  t o  p u r c h a s e  
t r a i n i n g  f o r  y o u r s e l f  o r  your  p i l o t s ,  r a t h e r  t h a n  i n v e s t  i n  
d e v e l o p i n g  your  own, t h e  c o n s i d e r a t i o n s  d e s c r i b e d  i n  t h i s  
p a p e r  s h o u l d  be  a d d r e s s e d  t o  t h e  s u p p l i e r  o f  t h a t  t r a i n i n g .  
How d i d  he  e s t a b l i s h  t h e  t r a i n i n g  c o n t e n t ?  How is h i s  
t r a i n i n g  program a d m i n i s t e r e d  and c o n t r o l l e d  s o  t h a t  you may 
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b e  a s s u r e d  e a c h  p i l o t  r e c e i v e s  t h e  s t a n d a r d i z e d  t r a i n i n g  you 
a r e  p u r c h a s i n g ?  How d o e s  h e  measure t h e  knowledge and 
p e r f o r m a n c e  o f  t h e  p i l o t s  b e i n g  t r a i n e d  t o  a s s u r e  t h a t  t h e y  
h a v e  a c q u i r e d  t h e  s k i l l s  r e q u i r e d ?  
I f  h e  d o e s  n o t  have v e r y  good a n s w e r s  t o  e a c h  o f  t h e s e  
q u e s t i o n s ,  o r  is  u n w i l l i n g  t o  s h a r e  t h e  i n f o r m a t i o n  w i t h  
you ,  d o n ' t  t a k e  a c h a n c e .  Seek  a n o t h e r  s o u r c e ,  d e v e l o p  your  
own t r a i n i n g ,  o r  j o i n  f o r c e s  w i t h  o t h e r  o p e r a t o r s  t o  d e v e l o p  
t r a i n i n g  c a p a b i l i t i e s  t h a t  w i l l  meet your  m u t u a l  needs .  
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up t o  f o u r  t r a i n e e s  s i m p l y  by  n o t i c i n g  what t h e y  were d o i n g  
v i a  t h e  mot ion  s y s t e m  -- l i k e  s t a l l i n g ,  s p i n n i n g ,  t u r n i n g ,  
rough  movements, e t c .  -- t h e  wings  and t a i l  g a v e  an  
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e f f e c t i v e  t r a  i n  i n g  . 
R E F ER E NC E S 
Anon., R e p o r t  o f  t h e  P r e s i d e n t ' s  Commission -- on t h e  a c c i d e n t  
a t  T h r e e  M f l e I s l a n a .  -- The - nezd  - f o r  change:  The l e g a c y  o f  
- TMI. Washington ,  D.C.: U.S.  Government P r i n t i n g  O f f i c e ,  
O c t o b e r ,  1979. 
- --- 
Caro ,  P.W., I s l e y ,  R.N. ,  & J o l l e y ,  O.B. R e s e a r c h  on 
s y n t h e t i c  t r a i n i n g :  Dev ice  e v a l u a t i o n  - and t r a i n i n g  program 
development  (Tech. Rep. 73-20) . A l e x a n d r i a ,  VA: Human 
33 
R e s o u r c e s  Resea rch  O r g a n i z a t i o n ,  September ,  1973. 
Caro ,  P.W., J o l l e y ,  O.E., I s l e y ,  R.N.,  & Wrigh t ,  R.H. 
- D e t e r m i n i n g  t r a i n i n g  d e v i c e  r e q u i r e m e n t s  i n  f i x e d  wing 
a v i a t o r  t r a i n i n g  (Tech.  Rep. 72-11) . A l e x a n d r E ,  VA: Human 
R e s o u r c e s  R e s e a r c h  O r g a n i z a t i o n ,  A p r i l ,  1972. 
O f f i c e ,  The George  Washington U n i v e r s i t y ,  March, 1969. 
Osgood, C.E. The s i m i l a r i t y  p a r a d o x  i n  human l e a r n i n g :  A 
r e s o l u t i o n .  P s y c h o l o g i c a l  Review, 1949,  - 56 ,132-143. -- 
P r o p h e t ,  W.W. & Boyd, H.A.  Device - t a sk  f i d e l i t y  and 
t r a n s f e r  of t r a i n i n g :  A i r c r a f t  c o c k p i t  p r o c e d u r e s  t r a i n i n g  
( T e c h T R e K  70-10). A l e x a n d r i a ,  V A :  Human R e s o u r c e s  
R e s e a r c h  O r g a n i z a t i o n ,  J u l y ,  1970.  
-
T h o r n d i k e ,  E.L. Human l e a r n i n g .  N e w  York: C e n t u r y ,  1931. 
34 
DISCUSS I O N  
DR. LAUBER: Thank you,  Pau l .  I t h i n k  t h a t  t h a t  was a 
v e r y  s t i m u l a t i n g  p r e s e n t a t i o n  t h a t  t i e d  t o g e t h e r  e f f e c t i v e l y  
b a s i c  c o n c e p t s  i n  l e a r n i n g  and l e a r n i n g  t h e o r y  and  p r a c t i c a l  
c o n s i d e r a t i o n s  when i t  comes t o  f l i g h t  crew t r a i n i n g .  
We'd l i k e  t o  spend some time now e n t e r t a i n i n g  q u e s t i o n s  
o r  d i s c u s s i o n  from t h e  a u d i e n c e .  Who would l i k e  t o  have  t h e  
f i r s t  c r a c k  a t  commenting on  P a u l ' s  p r e s e n t a t i o n  o r  
q u e s t i o n s ?  
MR. C O L L I E :  I ' m  D i c k  C o l l i e  w i t h  t h e  R e g i o n a l  A i r l i n e  
A s s o c i a t i o n .  
P a u l ,  you seemed t o  s k i p  c o m p l e t e l y  o v e r  t h e  mot ion  
a s p e c t  of s i m u l a t i o n .  I know w e  c o u l d  p r o b a b l y  t a l k  a b o u t  
t h i s  f o r  t h e  n e x t  y e a r ,  b u t  I would j u s t  l i k e  your  comments 
o n  t h a t .  
DR. CARO: Mot ion  is p r o b a b l y  t h e  most  misused  and 
l e a s t  u n d e r s t o o d  a s p e c t  o f  s i m u l a t i o n .  Most mot ion  
s i m u l a t o r s  p r o v i d e  w i t h  c o n s i d e r a b l e  f i d e l i t y  mot ion  t h a t  
r e s p o n d s  t o  c o n t r o l  i n p u t  b y  t h e  p i l o t .  I f  t h e  p i l o t  moves 
t h e  wheel ,  t h e  m o t i o n  s y s t e m  r e s p o n d s  a c c o r d i n g l y .  B u t  
l i t t l e  a t t e n t i o n  h a s  been  p a i d  t o  p r o v i d i n g  c u e s  t h a t  h e l p  
t h e  p i l o t  l e a r n  t o  f l y  o r  t o  respond t o  t h i n g s  t h a t  m i g h t  b e  
g o i n g  wrong w i t h  h i s  a i r c r a f t ,  s u c h  a s  t h e  d i s t u r b a n c e s  t h a t  
o c c u r  when a sys t em f a i l s .  I n  f a c t ,  w e  d o n ' t  even  have  good 
d a t a  on cues  t o  p r o v i d e  i n  mot ion  s y s t e m s  t h a t  w i l l  e n a b l e  
t h e  p i l o t  t o . d e t e c t  mo t ion  even  t h a t  c o u l d  warn him t h a t  
someth ing  h a s  gone  wrong. 
W e  s h o u l d  d i s t i n g u i s h  between maneuver m o t i o n  and 
d i s t u r b a n c e  mot ion .  Maneuver mot ion  is  assoc ia ted  w i t h  
maneuver ing  t h e  a i r c r a f t  and i n p u t s  from p i l o t - i n i t i a t e d  
c h a n g e s  i n  h e a d i n g ,  a l t i t u d e ,  o r  a t t i t u d e .  Maneuver mot ion  
is n o t  o f  v e r y  much v a l u e  i n  t r a i n i n g  because i t  c a n n o t  t e l l  
t h e  p i l o t  some th ing  h e  d o e s n ' t  a l r e a d y  know. T h u s ,  i t  
d o e s n ' t  have  much c u e  v a l u e .  D i s t u r b a n c e s  a r i s e  f rom 
t u r b u l e n c e  o r  from f a i l u r e  o f  some a i r c r a f t  component o r  
equipment .  D i s t u r b a n c e  m o t i o n ,  when i t  t e l l s  t h e  p i l o t ,  f o r  
example ,  t h a t  a n  e n g i n e  h a s  f a i l e d ,  c a n  have  c r i t i c a l  cue 
v a l u e  and t h e r e f o r e  c a n  b e  i m p o r t a n t  i n  t r a i n i n g .  
Motion is i m p o r t a n t  i n  s i m u l a t i o n .  However, t h e  
q u e s t i o n  is n o t  r e a l l y  whe the r  m o t i o n  is needed .  The 
q u e s t i o n  t h a t  s h o u l d  be  asked is ,  w h a t  mo t ion  is needed?  
S i m u l a t i o n  r e s e a r c h e r s  s h o u l d  a t t e n d  t o  t h a t  q u e s t i o n .  
DR. LAUBER: O t h e r  q u e s t i o n s ?  
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MR. SMITH: Ed S m i t h ,  A i r  Kentucky A i r l i n e s .  
I was wonder ing  how i m p o r t a n t  is i t  -- y o u ' v e  t a l k e d  o f  
v i s u a l  cues even  t o  t h e  p o i n t  o f  t h e  man p u t t i n g  t h e  70% on 
t h e  N1, t h i s  k i n d  o f  t h i n g .  How i m p o r t a n t  a r e  a u d i t o r y  
cues? Has t h a t  even  e n t e r e d  i n ?  D o  you have  any  k i n d  of  a 
sound sys t em t o  s i m u l a t e  w h a t ' s  g o i n g  on? Is t h a t  
i m p o r t a n t ,  h a v e  you found t h a t  o u t ?  
DR. CARO: Q u e s t i o n s  a b o u t  sound s i m u l a t i o n  a r e  s i m i l a r  
t o  q u e s t i o n s  a b o u t  m o t i o n  s i m u l a t i o n ,  The q u e s t i o n  is  n o t  
whether  sound i s  needed .  The  a p p r o p r i a t e  q u e s t i o n  s h o u l d  b e  
what  s o u n d s  a r e  needed .  What a r e  t h e  sounds  t h a t  g i v e  t h e  
i n f o r m a t i o n ,  t h e  cues, t o  t h e  p i l o t  t h a t  h e  n e e d s  t o  do  
someth ing ,  t o  s t o p  d o i n g  someth ing ,  o r  t o  d o  someth ing  
d i f f e r e n t l y ?  I f  t h e r e  a r e  e n g i n e  sounds  t h a t  a l e r t  him t o  a 
p a r t i c u l a r  c o n d i t i o n  t h a t  he  h a s  t o  l e a r n  t o  d i s c r i m i n a t e ,  
t h e n  a t r a i n i n g  d e v i c e  t h a t  r e p r o d u c e s  t h o s e  sounds  i s  a 
good p l a c e  f o r  him t o  l e a r n  t h o s e  d i s c r i m i n a t i o n s .  
MR, CROWE: Guy Crowe, Mid P a c i f i c  A i r .  
P a u l ,  you r e f e r e n c e d  U n i t e d ' s  c o n c e p t  o f  t r a i n i n g ,  I 
t h i n k  Pan Am d o e s  t h e  same t y p e  t h i n g .  A s  opposed  t o  o u r  
h i s t o r i c a l  method o f  t e a c h i n g  i n t r o d u c t o r y  p i l o t s  i n  t h e  
a i r c r a f t ,  w e  t e a c h  b a s i c  s y s t e m s  a n d  what g o e s  on  unde r  t h e  
s u r f a c e s  down i n  t h e  b i l g e s ,  e tc . ,  t o  some d e g r e e .  I t  
a p p e a r s  t h a t  Un i t ed  and Pan Am and some o t h e r s  have  
e l i m i n a t e d  t h i s  and r e f e r e n c e  p i l o t s '  t r a i n i n g ,  t h e i r  n e e d s  
t o  f u l f i l l  t h e i r  m i s s i o n ,  a s  s t r i c t l y  t o  what  t a k e s  p l a c e  i n  
t h e i r  c o c k p i t  env i ronmen t .  
I b e l i e v e  you s t a t e d  i n  your  s u r v e y  t h i s  was a v e r y  
a c c e p t a b l e  t r a i n i n g .  So you i n d i c a t e  t h e r e  is r e l a t i v e l y  
l i t t l e  need i f  p r o p e r  a t t e n t i o n  is p a i d  t o  c o c k p i t  d u t i e s  t o  
n o t  t e a c h  sys t ems?  
DR. CARO: T h a t ' s  n o t  q u i t e  what  I meant  t o  s a y .  T h e  
d e t a i l e d  a n a l y s i s  e f f o r t  t h a t  i s  a n e c e s s a r y  p a r t  o f  
b u i l d i n g  a t r a i n i n g  program s h o u l d  i d e n t i f y  t h e  s y s t e m s  
i n f o r m a t i o n  t h a t  i s  n e c e s s a r y  t o  e f f e c t i v e  p i l o t  pe r fo rmance  
i n  t h e  a i r c r a f t .  When t h e  a n a l y s i s  i s  c o m p e t e n t l y  
pe r fo rmed ,  a s  was t h e  case a t  U n i t e d ,  f o r  example ,  i t  
u s u a l l y  is  found t h a t  much l e s s  s y s t e m s  i n f o r m a t i o n  is 
r e q u i r e d  t h a n  most  p i l o t s  t r a d i t i o n a l l y  have  assumed.  
L e a r n i n g  t o  pe r fo rm c o r r e c t l y  i n  t h e  a i r c r a f t  i n v o l v e s  
l e a r n i n g  s p e c i f i c  d i s c r i m i n a t i o n s  and r e s p o n s e s ,  b u t  some 
s y s t e m  i n f o r m a t i o n  is  a l s o  n e c e s s a r y .  
When a c a r e f u l l y  and a p p r o p r i a t e l y  s t r u c t u r e d  a n a l y s i s  
is performed+ by t r a i n e d  e d u c a t i o n a l  t e c h n o l o g i s t s  and e x p e r t  
p i l o t s  working a s  a team, w e  u s u a l l y  f i n d  t h a t  much o f  t h e  
i n f o r m a t i o n  p r e s e n t e d  i n  p i l o t  t r a i n i n g  is n o t  n e c e s s a r y .  
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Some o f  t h a t  i n f o r m a t i o n ,  i t  t u r n s  o u t ,  i s  n o t  even  r e l e v a n t  
t o  t h e  t h i n g s  t h a t  p i l o t s  d o  on t h e  l i n e .  The q u e s t i o n  you 
r a i s e d ,  Guy, is e x a c t l y  t h e  q u e s t i o n  t h a t  g o t  u s  i n t o  t h e  
s t u d y  f o r  Un i t ed  A i r l i n e s ,  Had too much i n f o r m a t i o n  a b o u t  
t h e  a i r c r a f t  s y s t e m s  been  e l i m i n a t e d ?  Based on t h e  f eedback  
w e  g o t  from t h e  i n t e r v i e w s  w i t h  p i l o t s ,  n e c e s s a r y  
i n f o r m a t i o n  had n o t  b e e n  l e f t  o u t .  Al though some o f  t h e  
p i l o t s  w e  i n t e r v i e w e d  wanted more s y s t e m s  i n f o r m a t i o n  i n  
t r a i n i n g ,  t h e y  c o u l d  n o t  p o i n t  t o  an i n s t a n c e  i n  which l a c k  
o f  i n f o r m a t i o n  had i n t e r f e r e d  w i t h  t h e i r  p e r f o r m a n c e  on t h e  
l i n e .  
DR. LAUBER: Yes. Ed F e l l .  
Mr. F e l l :  P a u l ,  my q u e s t i o n  would b e ,  w i t h  r e g a r d  t o  
t h e  p a s t  few y e a r s  t h e  Agency h a s  encouraged  t h e  c o n c e p t  o f  
l i n e - o r i e n t e d  f l i g h t  t r a i n i n g  and indeed  i n  t h e  advanced 
s i m u l a t i o n  r e g u l a t i o n  h a s  r e q u i r e d  t h a t  c o n c e p t  t o  b e  
i n t r o d u c e d  i n t o  t h e  t r a i n i n g  env i ronmen t .  Your v i e w s  on  
l i n e - o r i e n t e d  f l i g h t  t r a i n i n g ,  number o n e ,  had m e  i n t e r e s t e d  
i n  knowing your  v i e w s  w i t h  r e g a r d  t o  c o c k p i t  s p e c i f i c  
s i m u l a t o r s  t o  b e  a p a r t  o f  t h a t  t r a i n i n g ;  i n  o t h e r  words,  
advanced  s i m u l a t o r s  w i t h  r e g a r d  t o  l i n e - o r i e n t e d  f l i g h t  
t r a i n i n g  . 
DR. CARO: The l i n e - o r i e n t e d  f l i g h t  t r a i n i n g  I ' v e  s e e n  
I t h o u g h t  was v e r y  good.  I d o n ' t  want t o  e n d o r s e  a l l  LOFT, 
b e c a u s e  i t  c a n  b e  d o n e  well o r  b a d l y .  B u t  t o  c o n d u c t  
t r a i n i n g  i n  an  o p e r a t i o n a l  c o n t e x t  is a sound approach .  I t  
i s  an  approach  t h a t  t h e  m i l i t a r y  h a s  found q u i t e  u s e f u l  i n  a 
v a r i e t y  o f  t r a i n i n g  s i t u a t i o n s ,  n o t  j u s t  i n  a v i a t i o n .  But 
t h e  c o n t e n t  o f  t h a t  t r a i n i n g ,  whe the r  o r  n o t  i t  i s  c o n d u c t e d  
i n  a f u n c t i o n a l  o r  l i n e  o r i e n t e d  manner,  n e e d s  t o  b e  d e f i n e d  
t h r o u g h  a v e r y  c a r e f u l  and s y s t e m a t i c  a n a l y s i s  p r o c e s s .  
I n  terms o f  w h e t h e r  LOFT s h o u l d  be conduc ted  i n  a n  
a i r c r a f t  s p e c i f i c  c o c k p i t ,  I g u e s s  t h a t  d e p e n d s  on  t h e  
c o n t e n t  o f  t h e  i n s t r u c t i o n  o r  t h e  LOFT o b j e c t i v e s .  LOFT 
t r a i n i n g  can  b e  c o n d u c t e d  i n  a g e n e r i c  t r a i n e r  o r  even  i n  
someone e l s e t s  a i r c r a f t  c o c k p i t .  The  t r a i n e r  used d o e s n ' t  
h a v e  t o  b e  p r e c i s e l y  c o n f i g u r e d  a s  your  a i r c r a f t  u n l e s s  you 
a r e  t r y i n g  t o  t e a c h  r e s p o n s e s  unique  t o  your  a i r c r a f t .  I 
d o n ' t  t h i n k  t h e r e  is an  a b s o l u t e  answer  t o  t h e  q u e s t i o n .  
MR, F I S C H E R :  D r .  Ca ro ,  I ' m  Bob F i s c h e r  from S u m m i t  
A i r l i n e s .  Your p o i n t  t h a t  t r a i n i n g  d e v i c e s ,  s i m u l a t o r s  o r  
w h a t e v e r ,  t h a t  how t h e y  a r e  used i s  p r o b a b l y  more i m p o r t a n t  
t h a n  t h e  ha rdware  i t s e l f ,  i s  w e l l  t a k e n .  
The e f f e c t i v e n e s s  o f  t h e  t r a i n i n g ,  and  t h e  end r e s u l t  
o f  i t  must  b e  a c o m p o s i t e  m i x  o f  t h e  e x p e r i e n c e  o f  t h e  
i n d i v i d u a l  g o i n g  i n t o  t h e  t r a i n i n g ,  i .e. t h e  l e v e l  of  t h e  
h a r d w a r e  a v a i l a b l e  t o  him and t h e  c o m p l e x i t y  o f  t h e  
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equ ipmen t  he is b e i n g  t r a i n e d  on .  How d o  you g o  a b o u t  
a c t u a l l y  measu r ing  t h e  e f f e c t i v e n e s s  o f  t h e  t r a i n i n g ,  s i n c e  
i t  is a v a r i a b l e ?  Maybe c o n d u c t i n g  r e c u r r e n t  t r a i n i n g  i n  
o n e  case,  i n i t i a l  t r a i n i n g  i n  a n o t h e r  case? 
D o  you have  -- a r e  you s a t i s f i e d  w i t h  t h e  k i n d  o f  
c r i t e r i a  t h a t  you c a n  u s e  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  
t h a t  t r a i n i n g  i n  a d d i t i o n  t o  t h e  p i l o t  r e s p o n s e s ,  o r  is 
t he re  some o t h e r  way w e  a r e  n o t  aware  o f ?  T h e r e  is a 
q u e s t i o n  i n  t he re  somewhere. 
DR. CARO: T h e r e  is a whole d i s c u s s i o n  i n  t h e r e .  If 
you a r e  g o i n g  t o  d o  a c o m p e t e n t  j o b  o f  e v a l u a t i n g  
pe r fo rmance  i n  any  f i e l d  o f  e n d e a v o r ,  you 've  g o t  t o  know 
what  i t  is you a r e  e v a l u a t i n g .  You've g o t  t o  have  a c l e a r  
d e s c r i p t i o n  o f  t h a t  pe r fo rmance .  P i l o t  t r a i n i n g  on t h e  l i n e  
is  d i f f i c u l t  t o  e v a l u a t e  b e c a u s e  i t  i n v o l v e s  s u c h  a w i d e  
r a n g e  o f  s k i l l s  and r e s p o n s e s  t o  s u c h  a w i d e  r a n g e  o f  cue 
s i t u a t i o n s .  
P i l o t s  must  b e  e v a l u a t e d  a g a i n s t  v e r y  s p e c i f i c  j o b  
r e l a t ed  c r i t e r i a  t h a t  have  been  d e r i v e d  t h r o u g h  s y s t e m a t i c  
a n a l y s i s  and d e f i n i t i o n  o f  t h e  t r a i n i n g  r e q u i r e m e n t s .  I n  
f a c t ,  t h e  v e r y  same a n a l y s i s  proven  t o  be n e c e s s a r y  t o  
deve lopmen t  o f  a t r a i n i n g  program w i l l  y i e l d  p r e c i s e  
c r i t e r i a  a g a i n s t  which t o  e v a l u a t e  p i l o t  pe r fo rmance .  The 
pe r fo rmance  t o  b e  e v a l u a t e d ,  o b v i o u s l y ,  is t h e  p e r f o r m a n c e  
t o  b e  e v a l u a t e d .  When a p i l o t ' s  pe r fo rmance  is e v a l u a t e d  on 
t h e  l i n e ,  i t  i s  r e a l l y  t h e  e f f e c t i v e n e s s  o f  h i s  t r a i n i n g  
t h a t  is  b e i n g  e v a l u a t e d .  P i l o t s  d o n ' t  f a i l ,  b u t  somet imes  
t h e i r  t r a i n i n g  does .  
DR. LAUBER: I ' m  g o i n g  t o  c u t  i n  a t  t h i s  p o i n t .  Thank 
you a g a i n ,  Pau l .  
I d o n ' t  mean t o  c u t  o f f  d i s c u s s i o n ,  however w e  d o  have  
t o  s t i c k  t o  some s o r t  o f  s c h e d u l e  h e r e .  brhat I would 
e n c o u r a g e  you t o  d o  -- I have  a c o u p l e  o f  q u e s t i o n s  myse l f  
t h a t  I want  t o  a d d r e s s  t o  P a u l ,  and I know t h e r e  a r e  o t h e r s  
o f  you who a l s o  have  t h e  same -- p l e a s e  m a k e  a n o t e  o f  them.  
T h i s  a f t e r n o o n  o r  tomorrow, depend ing  on how t h e  s c h e d u l e  is 
r u n n i n g ,  I would l i k e  t o  have  an o p p o r t u n i t y  t o  come back t o  
t h e s e  t h i n g s ,  b e c a u s e  I t h i n k  t h e y  a r e  i m p o r t a n t  i s s u e s .  
And a t  t h e  v e r y  l e a s t  w e  c a n  a l w a y s  f e e d  t h e  q u e s t i o n s  t o  
t h e  working g r o u p  d e a l i n g  w i t h  t h e  t o p i c  t h a t  P a u l  was 
c o n c e r n e d  w i t h .  Please n o t e  t h e s e  t h i n g s  and w e  w i l l  
a t t e m p t  t o  g e t  back  t o  them, b u t  w e  d o  have  t o  a t t e m p t  t o  
m a i n t a i n  some semblance  o f  s c h e d u l e .  
( A  recess was t a k e n . )  
DR. LAUBER:  W e ' l l  g o  ahead  and g e t  s t a r t e d .  The n e x t  
p r e s e n t a t i o n  f o l l o w s  v e r y  n i c e l y  t h e  t a l k  t h a t  you j u s t  
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h e a r d  by Pau l  Caro .  One o f  t h e  a r eas  t h a t  s p e c i f i c a l l y  
i n t e r e s t e d  m e  when I s t a r t e d  working w i t h  t h e  Commuter and 
R e g i o n a l  O p e r a t o r s ,  was t h e  v a s t  d i f f e r e n c e  i n  r e s o u r c e s  
t h a t  a r e  a v a i l a b l e  t o  t h e  t y p i c a l  commuter and r e g i o n a l  
o p e r a t o r  a s  opposed  t o  t h e  Un i t ed  A i r l i n e s  of t h e  w o r l d ,  
I n  f a c t ,  o n e  o f  t h e  q u e s t i o n s  t h a t  I w a n t  t o  address  t o  
P a u l  Car0 a t  some time h a s  t o  d o  w i t h  t h e  whole I S D  a p p r o a c h  
t o  f l i g h t  crew t r a i n i n g  and t r a i n i n g  program development  and 
how t h a t  c a n  be accompl i shed  by o p e r a t o r s  whose r e s o u r c e s  
manpower-wise and o t h e r w i s e  a r e  s e v e r e l y  l i m i t e d .  I t h i n k  
t h a t  o n e  o f  t h e  v e r y  u s e f u l  t h i n g s  w e  c a n  accompl i sh  a t  t h i s  
workshop is t o  come up w i t h  some p r a c t i c a l  recommendat ions 
a s  t o  how t h o s e  k i n d  of  t h i n g s  c a n a b e  accompl i shed .  
One o f  t h e  i s s u e s  c l e a r l y  i s  t h e  q u e s t i o n  of  low c o s t  
t r a i n i n g  a i d s  and d e v i c e s .  Pau l  s p e n t  some t i m e  t a l k i n g  
a b o u t  some of t h o s e  and how t h o s e  a r e  t i e d  t o  b a s i c  l e a r n i n g  
o f  t h e o r e t i c a l  c o n c e p t s .  
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A1 Lee is a b o u t  t o  make a p r e s e n t a t i o n  t h a t  c o n t i n u e s  
t h a t  d i s c u s s i o n  and e x p l o r e s  some s p e c i f i c  s y s t e m s  t h a t  have  
been  d e v e l o p e d  and a l s o  l o o k s  a t  t h e  q u e s t i o n  o f  t e c h n o l o g y  
and t h e  impact  o f  t e c h n o l o g y  and  t h e  i m p l i c a t i o n s  o f  t h e  
i n c o r p o r a t i o n  o f  new t e c h n o l o g y  f o r  t r a i n i n g  i n  t h e  f u t u r e .  
A 1  is a research s c i e n t i s t  here  a t  t h e  Ames R e s e a r c h  
C e n t e r .  H e  h a s  b e e n  h e r e  s i n c e  J a n u a r y  o f  t h i s  y e a r .  H e  is 
a r e l a t i v e  newcomer t o  o u r  g r o u p .  P r i o r  t o  t h a t ,  h e  was a t  
t h e  U n i v e r s i t y  o f  Dayton R e s e a r c h  I n s t i t u t e  where  he  d i d  A i r  
F o r c e  s p o n s o r e d  w o r k  o n  a i r  crew p e r f o r m a n c e  and t r a i n i n g ,  
human i n f o r m a t i o n  p r o c e s s i n g  and s i m i l a r  k i n d s  o f  t h i n g s .  
A 1  h a s  a PhD i n  e x p e r i m e n t a l  p s y c h o l o g y  from t h e  
U n i v e r s i t y  o f  C a l i f o r n i a .  H e  l ists h i s  a r e a s  o f  s p e c i a l  
i n t e r e s t :  a r t i f i c i a l  i n t e l l i g e n c e ,  human o p e r a t o r  mode l s ,  
human i n f o r m a t i o n  p r o c e s s i n g ,  p a t t e r n  r e c o g n i t i o n  and man- 
machine  i n t e g r a t i o n .  A1 is a member of  The Human F a c t o r  
S o c i e t y  . 
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